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EXECUTIVE SUMMARY 
 

This Analysis of Brownfield Cleanup Alternatives (ABCA) for the Former Tobacco Warehouse 

Property Site was conducted under the City of Rocky Mount’s US EPA Region 4 Brownfield 

Cleanup Grant (BF-96432105-0).  It provides a summary of the characterization of site soil and 

ground water conditions based on previous site investigations conducted in 2004 and the recent 

remedial design investigation conducted by Hart & Hickman, PC, and provides an assessment of 

impacts requiring cleanup activities. 

 

Soil impacts are limited to polynuclear aromatic hydrocarbon (PAH) compounds in an estimated 

area of approximately 10,000 square feet in the northern portion of the site.  Ground water 

impacts are limited to low concentrations exceeding 2L standards of chlorinated solvents (PCE, 

TCE, and cis-1,2-DCE) in ground water from well TW-3 located in the northern area of the site.  

Vapor intrusion modeling indicates that of these chlorinated solvents, only the concentration of 

TCE is sufficiently elevated to pose a potential vapor intrusion risk to future buildings that will 

be constructed on the site. 

 

On the basis of effectiveness, technical feasibility, and cost, and assuming potential future 

residential or sensitive population use of the subject site, H&H recommends a combination of: 

• source removal in the northern area of the site to remove soil impacted with PAHs; 

• capping of the remainder of the site with either building foundations or asphalt paving;  

• installation of a passive barrier system beneath buildings constructed across the site to 
prevent vapor intrusion, particularly in the northern area; and  

• inclusion of necessary land use restrictions and institutional controls within the proposed 
Brownfield Agreement with the State. 

 

Due to the anticipation of a low risk classification for this site and limited ground water impact, 

an active remediation or monitoring of contaminated ground water at the site is not anticipated.  
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Analysis of Brownfield Cleanup Alternatives 
Former Tobacco Warehouse Property 

Rocky Mount, North Carolina 
H&H Job No. CRM-002 

 
 

1.0  Introduction and Background 
 

Hart & Hickman, PC (H&H) has prepared this Analysis of Brownfield Cleanup Alternatives 

(ABCA) for the Former Tobacco Warehouse Property Site (“the subject site”) on behalf of the 

City of Rocky Mount, NC (“the City”) under the City’s US EPA Region 4 Brownfield Cleanup 

Grant (BF-96432105-0).  This ABCA report was prepared to identify and evaluate cleanup 

alternatives to mitigate potential risks to future site users from identified environmental impacts 

at the site. 

 

The City purchased the Former Tobacco Warehouse site during January 2005 in anticipation of 

site redevelopment efforts in the immediate vicinity.  The Former Tobacco Warehouse site forms 

an integral part of the Douglas Block Redevelopment Area and as a result of the City’s recent 

application, is an approved NC Brownfield Program site.  The City is currently preparing a draft 

Preliminary Brownfield Agreement for this site to use in negotiations with the State of NC 

DENR Brownfield Program staff. 

 

The City intends to address the cleanup activities for the Former Tobacco Warehouse Property 

site under their Brownfield Cleanup Grant.  In order to initiate this process, cleanup cost 

estimates for the subject site were prepared based on site remedial design data gathered by H&H 

during a Remedial Design Investigation (RDI) conducted for the property in April 2007, and site 

assessment data prepared by others.  Remedial design investigation activities included soil boring 

sampling, monitoring well installation, soil and ground water chemical analysis, and exploratory 

excavation of 10 geophysical anomalies identified during the subsurface utility survey conducted 

by H&H at the site.   
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Remedial design tasks were based on the EPA-approved Quality Assurance Project Plan (QAPP) 

prepared for this site dated January 15, 2007.  The exploratory excavation scope of work was 

submitted in a letter to EPA (Hart & Hickman, PC, May 3, 2007), and was subsequently 

approved by EPA on May 4, 2007.  H&H oversaw the excavation of these anomalies in May 

2007.  The remedial design investigation results are provided in the Brownfield Remedial Design 

Investigation Report, Former Tobacco Warehouse Site, Rocky Mount, North Carolina (Hart & 

Hickman, PC, November 8, 2007), which is provided in Appendix A of this ABCA. 

 

1.1  Site Description  

 

The subject site is a 2.7 acre parcel located in the City of Rocky Mount, Edgecombe County, 

North Carolina (Figure 1).  The subject site address is 221 N.E. Main Street and is bounded by 

N.E. Main Street to the west, an alley way behind commercial property to the south, Albemarle 

Avenue to the east, and E. Goldleaf Street to the north.    A Site Map is provided on Figure 2 of 

the RDI Report (H&H, November 8, 2007) provided in Appendix A.  The subject site is currently 

vacant with no existing structural improvements.  Site structures from historic tobacco 

warehouse activities were demolished in 2004.   

 

1.2  Site History 

 

The subject site is the location of several former historic tobacco warehouse and prizery 

operations.  The northern portion of the property was historically operated as a planing mill (pre-

1896 to about 1900) and a tobacco prizery (1912 through the 1930s).  The Fenner Tobacco 

Warehouse occupied a portion of the property from the 1940s through the mid-1990s.   

 

Land use within the southern portion of the property was predominantly residential from pre-

1896 through the 1930s or 1940s, at which time the area was developed as the Tobacco Planters 

Warehouse.  Tobacco Planters operated at this location through the late 1960s.  It was replaced 
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by a retail fertilizer facility, which operated from that time through the late 1980s.  The site was 

subsequently utilized as a warehouse facility by Cobb and Carlton until the early 2000s.  Prior to 

their demolition in 2004, the footprint of the warehouse structures occupied the entire property.   
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2.0  Summary of Site Characterization and Environmental Impacts 
 

2.1  Previous Environmental Assessment and Remedial Design Investigations  

 

Recent reports and project plans for the site prepared by H&H as part of the Brownfields Cleanup 

Grant activities include: 

• Hart & Hickman, PC, January 5, 2007, Quality Assurance Project Plan, Revision 0. 
 
• Hart & Hickman, PC, November 8, 2007, Brownfield Remedial Design Investigation 

Report (included as Appendix A)   
 
 

In addition, four previous reports prepared by others included information about the subject site: 

• Ed Aguirre & Associates, Inc., February, 2004, Phase I Environmental Site Assessment, 

Douglas Block., Rocky Mount, NC. 

• Ed Aguirre & Associates, Inc., March, 2004, Limited Phase II Environmental Site 

Assessment, 221-223, 287 NE Main St., Rocky Mount, NC. 

• Ed Aguirre & Associates, Inc., March, 2004, Phase II ESA-Amendment 1, 221-223, 287 

NE Main St., Rocky Mount, NC. 

• Ed Aguirre & Associates, Inc., August, 2004, Phase II ESA-Amendment 2, 221-223, 287 

NE Main St., Rocky Mount, NC. 

 

 

2.2  Site Lithology 

 

Site lithology is based on the subsurface activities conducted during the remedial design 

investigation (RDI) in April 2007 and previous investigations conducted in 2004.  During the 

RDI, a total of 16 soil borings were advanced at locations across the site using a direct push 

technology (DPT) rig.  Three of the soil borings were converted into monitoring wells (TW-1, 
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TW-2 and TW-3).  The RDI soil boring and monitoring well locations are shown on Figure 2 of 

the RDI Report in Appendix A. 

 

Soil at the site consists of interbedded silty sands, sandy clays, and clayey sands of varying color 

and grain size to the depths investigated. Lithology across the screened intervals in the 

monitoring wells is noted as fine to medium silty sands, clayey sands and sandy clays.  An 

approximately six-inch to one-foot thick coarse sand layer is noted at a depth of 8.0 to 8.5 feet 

below ground surface (bgs) and 11.5 to 12.5 feet bgs in wells TW-1 and TW-2, respectively.  

Fine sand to silty sand was observed in the well bore for TW-3 at depths from 8.5 to 16 feet bgs, 

the total depth of the well.  Soil in the shallow borings (SB-4 through SB-16) generally consists 

of about 0.5 feet of fine silty sand overlying sandy clay or clayey sand.    

 

2.3  Site Ground Water Conditions 

 

Ground water at the site was investigated through the installation of three monitoring wells (TW-

1, TW-2 and TW-3).  Construction of these wells is described in the RDI Report (H&H, 

November 8, 2007) provided in Appendix A. 

 

Depth-to-ground water within the wells was measured on April 17, 2007.  Water levels in the on-

site wells ranged from 6.04 ft below top of casing (btoc) in TW-2 to 11.66 ft btoc in TW-1.  

These data correspond to ground water elevations of 93.28 ft above mean sea level (amsl) in TW-

1, 96.50 ft amsl in TW-2 and 92.99 ft amsl in TW-3.   

 

A ground water elevation contour map generated from the water level data collected on April 17, 

2007 is provided in Figure 8 of the RDI Report (H&H, November 8, 2007) provided in Appendix 

A.  These data infer a ground water flow direction to the northwest across the site with a 

horizontal hydraulic gradient of approximately 0.02 feet per foot. Ground water elevations 

depicted on this figure are based on surveyed elevations from the top of the well casings obtained 
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by Joyner Keeney & Associates of Rocky Mount, NC in April 2007.  Joyner Keeney & 

Associates provided a survey plat and location and elevation coordinates in July 2007. 

 

 

2.4  Characterization of Environmental Impacts 

 

Environmental impacts at the site are characterized based on a review of previously obtained site 

assessment data and the results of the RDI.  The RDI activities are described in Hart & 

Hickman’s report entitled Brownfield Remedial Design Investigation Report, Former Tobacco 

Warehouse Site, Rocky Mount, North Carolina, November 8, 2007, provided in Appendix A to 

this ABCA.   

 

2.4.1  Screening Levels Used for Evaluation of Data 

 

The site is planned to be redeveloped as a mixed use site with a blend of commercial and 

residential uses although the final site design has not been completed.   

 

Site Soil 

Based on future mixed use, the soil analytical data were compared to both unrestricted use 

standards in North Carolina and industrial/commercial NC and Federal standards as discussed 

below.    

 

NC DENR limits site use to non-residential and non-sensitive population uses in the event that 

soil constituents (except for PAH compounds) exceed the more stringent of either residential 

Maximum Soil Contaminant Concentrations (MSCCs) or NC Soil to Ground Water MSCCs, 

whichever are lower (NC DENR, UST Section, July 1, 2007 and July 1, 2007a).  Generally, 

between these two sets of regulatory criteria, the Soil to Ground Water MSCCs are lower.  

Therefore, H&H has used the Soil to Ground Water MSCCs for the primary comparison of site 
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data to an unrestricted use standard.  The most stringent regulatory screening levels for PAH 

compounds are the NC DENR Inactive Hazardous Waste Section, Health-Based Site 

Remediation Goals (SRGs) as presented in the August 2007 update 

(http://www.wastenotnc.org/soiltable.pdf). 

 

For parameters detected in site soil that do not have specified NC Soil to Ground Water MSCCs, 

the results were compared to the EPA Region 9 Residential Preliminary Remedial Goals (PRGs) 

(EPA, Region 9, October 2004).  These include the metals arsenic, cadmium, selenium, and 

mercury. 

 

Less stringent regulatory screening levels based on industrial or commercial use would apply in 

those areas of the subject site at which future land use is restricted to non-residential uses.  In this 

case, it would be appropriate to compare the site data to the NC Industrial MSCCs (NC DENR, 

UST Section, July 1, 2007 and July 1, 2007a), the NC DENR Inactive Hazardous Sites Health-

Based Soil Remediation Goals (SRGs) for non-PAH compounds (August 2007), or EPA Region 

9 Industrial PRGs.  

 

Generally, the NCDENR SRGs are the same or significantly lower than the Industrial MSCCs.  

Therefore, if a concentration value is less than the SRG, it would also be less than its respective 

Industrial MSCC.  For this reason, the SRGs are provided as the primary regulatory screening 

level for areas of the site where future site redevelopment is limited to industrial or commercial 

use.  NCDENR SRGs for the carcinogenic PAH compounds (cPAHs) benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, 

and indeno(1,2,3-cd)pyrene were also recently lowered effective August 2007.  For cPAH 

compounds, several SRGs are lower than their respective EPA Region 9 Industrial PRGs 

(October 2004), which are also provided for comparison purposes during redevelopment 

planning. 
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Metals concentrations in soil samples are also compared to reported background values for North 

Carolina soils (NC DENR, August 2006). Analytical data are compared with analyte-specific 

regulatory screening criteria and NC background metals concentrations in Table 2 of the RDI 

Report (H&H, November 8, 2007) provided in Appendix A.   

 

Impacts to site soil are discussed below in Section 2.4.2. 

 

Site Ground Water 

 

Ground water analytical results were compared to North Carolina 2L Standards and EPA MCLs 

(RDI Report, H&H, November 8, 2007, Table 4 in Appendix A).  These published values are 

generally based on minimizing risk associated with direct ingestion of ground water, and 

therefore are conservative for this site.  Data for the ground water samples obtained as a part of 

the RDI are discussed more thoroughly in Section 2.4.3. 

 

2.4.2  Impacts to Soil 

 

In accordance with the provisions and stated objectives of the approved QAPP for the subject site 

(Hart & Hickman, January 5, 2007), two soil samples were retained for chemical analysis from 

each boring from depths of 0 - 1 feet and 1 – 3 feet bgs.  An additional soil sample was collected 

from TW-1 at a depth of 6 – 8 feet bgs to evaluate residual contamination from a heating oil UST 

in the vicinity of TW-1 that was reportedly removed from the subject site. 

 

The results of analytical data associated with on-site soil samples are summarized in Appendix A 

in Table 2 (RDI data only) of the RDI Report, and are depicted graphically on Figures 3 

(previous investigations) and  Figures 5 (RDI metals) and 6 (RDI VOCs & SVOCs/PAHs).   
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VOCs – EPA Method 8260B 

Analytical results for EPA Method 8260B performed on soil samples suggests the presence of 

low concentrations of one or more targeted volatile organic compounds (VOCs) in four of the 26 

samples submitted for this analysis.   

 

Tetrachloroethene (PCE) was reported in one soil sample, SB-13 (1-3 feet bgs), at a 

concentration of 0.01 milligrams per kilogram (mg/kg), which is just over the reporting limit of 

0.009 mg/kg.  This level exceeds the NC DENR Soil to Ground Water MSCC, but does not 

exceed other applicable regulatory screening criteria.   

 

Acetone was reported in three samples TW-2 (0-1 feet), TW-3 (0-1 feet) and SB-7 (0-1 feet) 

ranging from an estimated concentration of 0.017 mg/kg to 0.56 mg/kg, but is believed to be an 

artifact of sample preservation. 

 

SVOCs/PAHs – EPA Method 8270C 

Semi-volatile organic compounds (SVOCs) or polynuclear aromatic hydrocarbon (PAH) 

compounds, including cPAHs, by EPA Method 8270C were reported at elevated concentrations 

in shallow soil samples collected in the northern area of the site from soil borings SB-15 (0-1 

feet), SB-16 (0-1 feet) and TW-3 (0-1 feet). PAHs were not detected in the deeper sample from 

soil boring SB-15 at a depth of 1–3 feet bgs.  Samples from SB-16 and TW-3 at a depth interval 

of 1–3 feet were not submitted for PAH analyses.  Concentrations of several of the PAHs 

reported in these samples both individually and when combined using the toxic equivalency 

method, were in excess of one or more of the screening levels for soils at the site (Table 5, RDI 

Report, H&H, November 8, 2007).   

 

In addition to identified compounds, four tentatively identified compounds (TICs) associated 

with PAHs were reported for soil sample SB-15 at 0-1 feet bgs.  SVOC/PAH analyses were not 

conducted on samples from the southern portion of the site with the exception of soil samples 
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from TW-1.  However, previous investigation results for SVOC/PAH compounds do not indicate 

impact from these constituents in the central and southern portions of the site. 

 

Metals – EPA 6010B & EPA 7471A 

 

Analytical results for metals in soil samples analyzed during the RDI indicate the presence of 

arsenic, barium, total chromium and lead in each sample submitted for testing by SM 6010B.  

The metals arsenic, barium, cadmium, and total chromium reported in soil samples analyzed 

during the RDI were generally within reported metals background ranges in NC soil (NC DENR, 

August 2006).  Concentrations of lead in TW- 1 (0-1 feet) and mercury in SB-10 (0-1 feet) 

exceeded their reported ranges in background concentrations in NC soil.   

 

Barium, cadmium, lead and mercury concentrations in site soils do not exceed applicable 

screening regulatory criteria.  Arsenic concentrations reported in all soil samples exceed the most 

stringent of the arsenic standards, the EPA Residential PRG of 0.39 mg/kg.  Arsenic 

concentrations in two samples (TW-1, 0-1 feet and SB-9, 1-3 feet) exceed the NC SRG of 4.4 

mg/kg. Total chromium concentrations in three samples (TW-1 0-1 feet, SB-7 1-3 feet, and SB-9 

1-3 feet) exceed the chromium NC Soil to Ground Water MSCC of 27 mg/kg, but do not exceed 

other regulatory screening criteria.  The one detection of silver reported in TW-2 (1-3 feet) 

exceeds only the silver NC MSCC of 0.23 mg/kg and does not exceed other regulatory screening 

criteria.   

 

Because of the concerns with metals in soil raised during previous assessments at the site, H&H 

performed a statistical analysis of metals data in soil, including data collected from previous site 

investigations.  This analysis is presented in Appendix E of the H&H RDI Report, November 8, 

2007 provided in Appendix A.  The combined dataset including the results from the previous 

investigations and the remedial design investigation represents 59 data points collected 

principally from the upper three feet of soil across the 2.7 acre site.   
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The results of this analysis indicate that statistical averages and median concentrations of lead, 

mercury, arsenic and total chromium in the combined dataset do not exceed NC SRG or MSCC 

screening criteria.  The average and median concentrations of the combined arsenic dataset 

exceeds the more stringent residential and industrial EPA Region 9 PRGs, but are still within the 

reported background concentrations for arsenic in NC soil.   

 

Metal concentrations that exceed NC SRGs or MSCCs are limited to only two detections of 

arsenic and three of chromium, which represent 3.3% and 5.1%, respectively, of the sample 

population and are considered to be outlier concentrations.  These data suggest that elevated 

metals are not an environmental concern at the subject site and that remediation of the site 

does not need to address metals in soil. 

 

Organophosphate Compounds (EPA-8141) 

 

Soil samples collected from TW-1 (0-1 feet), TW-2 (0-1 feet) and TW-3 (0-1 feet) were also 

analyzed by EPA Method 8141 targeting organophosphate compounds (OPCs), such as 

Dichlorvos, that were typically used in tobacco warehouses.  Analytical results for these soil 

samples did not indicate the presence of OPC at concentrations in excess of the method 

reporting limit.   

 

2.4.3  Impacts to Ground Water 

 

The results of the ground water analyses are summarized in Table 4 of the H&H RDI Report 

provided in Appendix A.  Concentrations of selected VOCs and metals in ground water are 

depicted graphically on Figure 4 (previous investigations) and Figure 7 (RDI data) in the H&H 

RDI Report, November 8, 2007, provided in Appendix A.   
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Free product was not observed in the ground water monitoring wells during the monitoring event 

on April 17, 2007.  The analytical results from the ground water sampling are summarized 

below. 

 

VOCs  EPA  8260B 

 

Analytical data for ground water samples analyzed by EPA 8260B indicated the presence of cis-

1,2-dichloroethene  at 3.9 micrograms per liter (ug/L), tetrachloroethene (PCE) at 18 ug/L and 

trichloroethene (TCE) at 12 ug/L in the ground water sample obtained from well TW-3.  

Concentrations of PCE and TCE were reported in excess of their respective NC 2L Ground 

Water Standards and Federal MCLs, but were not reported in excess of their respective 

GCLs.   

 

MADEP-VPH 

A ground water sample from TW-1 was submitted for analysis by the MADEP-VPH method, 

targeting aromatic and aliphatic petroleum hydrocarbons.  Results of the analysis did not 

indicate the presence of targeted compounds in the sample at concentrations in excess of 

the method reporting limit of 50 ug/L. 

 

MADEP-EPH 

A ground water sample from TW-1 was submitted for analysis by the MADEP-EPH method, 

targeting aromatic and aliphatic petroleum hydrocarbons.  Results of the analysis did not 

indicate the presence of targeted compounds in the sample at levels in excess of the method 

reporting limit of 170 ug/L. 
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SVOCs/PAHs – EPA Method 8270C 

Analytical data for EPA Method 8270C analysis did not indicate the presence of targeted 

SVOCs/PAHs in ground water samples submitted for analysis at concentrations above the 

reporting limit for EPA Method 8270C.   

 

Metals – EPA Method 6010B 

NC 2L and/or Federal MCLs and background concentrations of metals were exceeded in one or 

more on-site wells. However, metals concentrations in ground water were far below their 

respective NC GCLs. 

 

Analytical data for metals analysis of ground water samples collected from the on-site wells 

indicated the presence of arsenic, barium, total chromium, lead, and selenium in one or more 

samples submitted for testing by SM 6010B.  Of these metals, only arsenic, total chromium, 

and lead exceeded regulatory screening criteria as specified below.  Barium concentrations 

exceeded the reported background maximum concentration of 180 ug/L, but did not exceed 

regulatory screening criteria. 

 

Arsenic 

Arsenic was reported only in the ground water sample collected from TW-2 at a concentration of 

76 ug/L, in excess of the NC 2L Standard of 10 ug/L and the Federal MCL of 50 ug/L.  This 

concentration also exceeds the reported background concentration of 10 ug/L in NC ground 

water. 

 

Total Chromium 

Total chromium was detected in ground water samples TW-1 at 32 ug/L and TW-2 at 390 ug/L.  

All concentrations exceed the reported background concentration for total chromium of 25 ug/L. 

However, only the concentration of chromium reported in TW-2 is in excess of regulatory 
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screening criteria, including both the NC 2L Standard of 50 ug/L and the  Federal MCL of 100 

ug/L.   

 

Lead 

Lead was reported in ground water samples obtained from TW-1 at 11 ug/L and TW-2 at 260 

ug/L.  Concentrations of lead detected in TW-2 exceed both the NC 2L Ground Water and 

Federal MCL standards of 15 ug/L.  The concentrations in both TW-1 and TW-2 exceed the 

reported NC background concentrations of less than 10 ug/L.  

 

Analytical results did not indicate the presence of cadmium or silver at concentrations in excess 

of the reporting limits for these metals.  Data for EPA Method 7471A indicated the presence of 

mercury only in the sample collected from monitoring well TW-2 at just above the reporting 

limit, which is below regulatory screening criteria.   

 

In accordance with state protocol, ground water samples were not filtered in the field.  Therefore, 

metals concentrations in these ground water samples include a contribution from colloidal 

particles suspended in the samples in addition to that dissolved in the ground water samples.   
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3.0  Cleanup Goals and Objectives 

 

3.1  Cleanup Goals 

 

The primary cleanup objective for the site in the context of a Brownfields redevelopment is to 

reduce or prevent potential risk to future site workers engaged in redevelopment efforts, and 

future users of the site after redevelopment.  Primary concerns are related to the potential for 

exposure of these populations to contaminants identified in site shallow soil, ground water, 

and/or vapors.    

 

Currently, the site is planned as a future mixed use development with residential units in the 

northern area of the site and commercial or cultural uses with paved parking areas in the central 

and southern areas of the site.  Cleanup goals for each type of impacted media were developed to 

address identified impacts based on available site information (Tables 2 and 4, and Figures 3 

through 7 in the H&H, RDI Report (November 8, 2007) provided in Appendix A).   

 

Various exposure pathways were considered in developing the cleanup goals based on the 

anticipated future use of the property.  Based on current conceptual plans, H&H has prepared 

cleanup objectives based on conservative assumptions of future site development including the 

potential for residential, school, or daycare uses.  Future redevelopment of the site that would 

exclude residential or sensitive population uses would enable the use of less conservative cleanup 

goals.  

 

 

3.1.1 Soil Cleanup Goals  

 

The soil cleanup goals address the removal of those soils identified as impacted by PAHs and 

cPAHs in the northern portion of the site.  The northern portion of the site is currently slated for 
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residential development.  Therefore, the most stringent cleanup goals, which for PAH 

compounds are the NC DENR SRGs, are used for the removal of this impacted soil. 

 

Based on results from the RDI, it does not appear that soil associated with the former UST in the 

southwestern corner of the site requires excavation.  If soil impacted with petroleum 

hydrocarbons is discovered during construction activities in this area, NC DENR UST Section 

Residential or Soil to Ground Water MSCCs for unrestricted use may apply.  Alternatively, if 

this area continues to be slated for commercial or cultural use, residual soil impacts may be left 

in place. 

 

3.1.2 Ground Water Cleanup Goals 

 

Ground water at the site is not used as a source of drinking water. Analytical data for ground 

water samples analyzed by EPA 8260B indicated the presence of cis-1,2-dichloroethene (3.9 

ug/L), tetrachloroethene or PCE (18 ug/L) and trichloroethene or TCE (12 ug/L) in the sample 

obtained from well TW-3.  Concentrations of PCE and TCE were reported in excess of their 

respective NC 2L Ground Water standards and Federal MCLs.  Concentrations of these 

compounds do not exceed their respective GCLs as defined by NC DENR.   

 

H&H personnel conducted a Brownfield Area Reconnaissance and Receptor Survey in 

association with the preparation of the RDI Report (H&H, November 8, 2007) for the subject 

site.  This survey confirmed that there are no surface water bodies on the site or within the 

immediate site vicinity, and that ground water at the site and in the site vicinity is not currently 

used for water supply purposes.   
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Site Vicinity Water Well 

 

A single water supply well is located within a 1,000 ft radius of the site.  This well is located on 

the Stretchline property approximately 200 ft northeast (cross-gradient of the site across Goldleaf 

Avenue).  According to Stretchline personnel the well has been out of service since at least 1985. 

 No information regarding the construction of the well (i.e., total depth, screen interval or yield) 

was available through Stretchline personnel or the Edgecombe County Health Department.  

Through interviews with Stretchline personnel, H&H verified that the facility is served by the 

City of Rocky Mount municipal water supply system.  This municipal supply is fed by intakes 

located along the Tar River, the nearest of which is located approximately 1-mile northeast of the 

site.  No other public or private water supply wells were identified within a 1,000 ft radius of the 

site.   

 

As there are no active water supply wells situated within 1,000 ft of the site and the site and 

surrounding properties are within the service area for the City of Rocky Mount municipal water 

supply, the relatively low concentrations of constituents of concern in site ground water do 

not pose a risk to drinking water or other ecological receptors.   

 

Indirect Exposure – Construction Worker 

 

On-site water levels measured on April 17, 2007 indicate a range in depth-to-water 

measurements of approximately 6 feet to 12 feet btoc.  Previous depth-to-water measurements 

indicated a shallower range of about 5.5 feet to 8 feet btoc.  Therefore, exposure to contaminated 

ground water at the site during construction activities is unlikely unless construction activities or 

site excavation exceeds these depths, or if ground water were to rise to an elevation shallow 

enough to be intercepted by site construction. If ground water is not intercepted by future 

construction activities at the site, there would be an incomplete pathway for exposure to volatile 

constituents (chlorinated solvents) in site ground water under the construction worker scenario.   
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Vapor Intrusion Risk 

A preliminary evaluation of the risk of vapor intrusion for buildings constructed during future 

redevelopment activities using EPA guidance (U.S. EPA, November 2002) indicated that 

concentrations of PCE and TCE in ground water in the area surrounding TW-3 are sufficiently 

elevated to pose a potential vapor intrusion risk (H&H, RDI Report, November 8, 2007). These 

findings are also summarized on Table 1.  Based on these findings, the Johnson-Ettinger Model 

GW-SCREEN (February 2004) (JEM) was used to provide screening level ground water risk 

assessment associated with vapor intrusion to future residential buildings in the northern area of 

the site.  Separate screening analyses were performed for the constituents PCE and TCE using  

contaminant concentrations detected in ground water from well TW-3 collected on April 17, 

2007.  The Johnson-Ettinger modeling effort used a combination of site-specific data collected 

during the RDI and model defaults.  These results are discussed in Section 3.2. 

 

3.2  Comparison of Site Data to Cleanup Goals 

 

H&H compared existing site data from the RDI Report (H&H, November 8, 2007) to the 

available cleanup goals for each of the contaminated areas at the site to determine the extent of 

impacts potentially requiring cleanup.  The extents of cleanup proposed for these areas are 

discussed below. 

 

As discussed in Section 2.0 of this ABCA, and as presented in the H&H RDI Report (November 

8, 2007) provided in Appendix A, contaminants of concern at the subject site are limited to 

the presence of PAHs, including cPAHs, in site soil in the northern portion of the property 

and the presence of chlorinated solvents (PCE, TCE and 1,2-DCE)  in site ground water 

(TW-3) in the northern portion that exceeds regulatory screening levels.  The presence of 

PAHs may be related to by-products of the former on-site use and storage of coal at the site, or to 
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incomplete combustion from vehicular exhaust from nearby roads.  The source of the chlorinated 

constituents in ground water is unknown, but may be related to an up gradient dry cleaning site. 

 

Concentrations of TCE in site ground water in the northern area of the site exceed NC 2L 

standards and the most stringent target ground water concentration for potential vapor intrusion 

based on JEM model results.  Other constituents identified during the remedial design 

investigation and previous assessments at the subject site are not present at concentrations of 

concern based on the anticipated site use and applicable regulatory screening levels. 

 

 

3.2.1  Soil Impacts  

 

Based on analytical data for soil samples from locations across the site during the RDI and 

previous investigations, PAH impacts exceeding the cleanup goals is identified in the upper foot 

of soil in the area approximately bounded by soil borings SB-15, SB-16 and TW-3 in the 

northern portion of the site as shown on Figure 2.  This area encompasses approximately 10,000 

square feet (ft2).  Assuming the vertical extent of impact is one foot across the entire area, the 

estimated volume of impacted soil is approximately 370 cubic yards (cy) or 556 tons.    The soil 

below a depth of one foot at SB-16 was not analyzed for PAHs.  Because the concentrations of 

PAH compounds at this location in the shallower depth were higher than that in SB-15, we are 

anticipating that PAH impact may extend deeper in the area in the vicinity of SB-16. 

 

For estimating purposes, we have assumed that excavation may be extended to a depth of three 

feet bgs in at least a portion of the excavation area noted above.  As an upper extent limit we 

have assumed a three feet depth across the 10,000 ft2 area, which is equivalent to approximately 

1,110 cy or 1,670 tons of impacted soil. 
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The concentration of PCE in site soil in boring SB-13 is just at its reporting limit of 0.01 mg/kg.  

Due to this low concentration, the soil represented by this sample is unlikely to represent a 

significant risk of exposure to site workers or future users of the site.  The soil in this area will 

likely be regraded and capped with an impervious surface consisting of either building 

foundation or asphalt paving during site redevelopment, and therefore is not considered for 

additional remedial action. 

 

3.2.2  Extent of Ground Water Impacts 

 

Ground water samples retained from wells TW-1, TW-2 and TW-3 were analyzed for VOCs, 

SVOCs and metals.  Concentrations of VOCs in excess of NC 2L standards were limited to PCE, 

TCE, and cis-1,2-DCE in well TW-3.  Concentrations of metals in excess of 2L standards and 

MCLs are considered to be an artifact of the unfiltered nature of the ground water samples.  The 

lateral extent of constituents in ground water is minimal based upon the results from the recent 

RDI.  Therefore, active cleanup actions for site ground water do not appear warranted due 

to the low concentrations, limited lateral extent, and lack of receptors within 1,000 feet of 

the site.   

 

Based on vapor intrusion modeling as discussed in the RDI report (H&H, November 8, 2007), 

and the results of additional vapor intrusion modeling discussed below, VOCs detected in site 

ground water could pose a potential vapor intrusion risk to future site users with respect to 

TCE.  Therefore, target ground water concentrations are based on the vapor intrusion 

pathway.   

 

To determine applicable ground water target concentrations for the vapor intrusion pathway, 

H&H conducted site modeling in accordance with the EPA’s OSWER Draft Guidance for 

Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (Subsurface 

Vapor Intrusion Guidance), November 2002 and the Interstate Technology and Regulatory 
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Council’s (ITRC’s), Vapor Intrusion Pathway: A Practical Guideline, January 2007 and is 

discussed in the RDI report (Appendix A).  The Johnson-Ettinger Model (JEM), GW-SCREEN, 

Version 3.1, was used to calculate ground water cleanup goals using model default input 

parameters and some site-specific inputs.  JEM is a widely accepted screening-level model for 

evaluating the vapor intrusion pathway.  The input parameters and results for each model run are 

provided in Appendix B. 

 

In general, site-specific inputs were used for soil type, soil thickness, and depth to water table.  

Default soil parameters were used based on the soil type entered, and default model parameters 

were used for building information (e.g., soil-building pressure differential, indoor air exchange 

rate, soil total porosity, soil dry bulk density, etc.).  The model was run for each volatile 

constituent detected in ground water (PCE, TCE and cis-1,2-DCE). 

 

The ground water target concentrations were determined based on the JEM results.  ITRC’s 

vapor intrusion guidance state that for the purposes of evaluating vapor intrusion risk for human 

exposure to carcinogens, it is acceptable to base calculations of cleanup goals on the incremental 

lifetime cancer risk level of 1 x 10-5.  H&H ran the model at a range of risk levels, including the 

more stringent target risk level of 1 x 10-6 because residential site use is planned in the northern 

area.  These target ground water concentrations are presented in Table 1 along with the ground 

water data. 

 

In contrast to the results from the EPA guidance (November 2002), no VOCs detected in TW-3 

exceed the ground water target concentrations at a risk level of 1 x 10-4 or 1 x 10-5.  With the 

JEM results, TCE is the only ground water contaminant that exceeds the risk-based target 

concentration for indoor air exposure at a target risk level of 1 x 10-6 (Table 1). 

 

However, implementation of engineering controls such as a passive or active vapor barrier 

system during new building construction often is adequate to mitigate vapor exposure to 
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contaminants present in ground water.  Taking into account the low contaminant concentrations 

of VOCs in site ground water and the site JEM modeling results, a vapor barrier system for 

future site buildings should cost-effectively reduce or eliminate the threat of exposure through 

vapor intrusion to future site occupants. 
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4.0  Cleanup Alternatives Analysis 
 

4.1  Cleanup Alternatives Development 

 

H&H developed cleanup alternatives for the site based on the RDI results (H&H, November 8, 

2007) provided in Appendix A.  Areas of impact considered for cleanup include the 

following: 1) shallow soil in the northern area of the site impacted with PAHs and cPAHs, 

and 2) ground water in the vicinity of TW-3 impacted which chlorinated solvents (vapor 

intrusion pathway).  H&H evaluated potential alternatives for managing the environmental 

cleanup of  this area as discussed below. 

 

4.2  Evaluation and Comparison of Cleanup Alternatives  

 

The alternatives for mitigating the risks associated with contaminated soil and ground water at 

the subject site are summarized and compared in Table 2.  A brief discussion of each alternative 

is provided below. 

 

Soil Alternatives 

 

No Action 

A no-action alternative must be considered as part of the ABCA process.  No action would 

involve a lack of any actions to address the impacted soil at the site.  Because of the desire to 

redevelop the subject site, and the potential for site worker and future site user exposure to 

impacted soil, the no-action alternative was eliminated from further consideration at this site. 

 

Source Removal  

Source removal includes the excavation and disposal of impacted soil to an approximate depth of 

one foot bgs in impacted areas, with a contingency to excavate to a total depth of three feet bgs. 
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Removal of this impacted soil would eliminate the potential for site worker exposure during 

development or construction activities at the site, and would be conducted in accordance with 

NC DENR and applicable Federal guidelines for soil excavation.  Subsequent to excavation, soil 

would be transported from the site and disposed of as non-hazardous soil.  In accordance with 

NC DENR, US EPA and US Department of Transportation (US DOT) guidelines, shipments 

would include the preparation of disposal manifests for transport.    

 

Upon completion of soil removal activities, sampling of the base and sidewalls of the excavated 

areas would be conducted to confirm removal of constituents of concern to below applicable 

regulatory levels.  Excavated areas would be backfilled to pre-excavation grade with clean 

material from an off-site source.   

 

Due to the presence of shallowly buried former foundation footings, concrete pads, and debris at 

the site, it is anticipated that cleanup activities will entail the separation of excavated material 

into contaminated soil and construction debris for transport and disposal. 

 

Capping  

Capping of contaminated soil is a viable remedial alternative that addresses exposure risks posed 

by contaminated soil.  Capping can be used on its own or in concert with source removal 

methods.  Remedial capping materials can vary depending upon site considerations, but their 

design can include asphaltic paving, layers of geotextile materials, clean subsoil fill materials 

with a clean soil and vegetated layer, or concrete slab building foundations.  The placement of a 

remedial cap over contaminated soil minimizes the surface exposure to the soil; prevents the 

vertical migration of water through contaminated soil, which minimizes the generation of 

contaminated leachate that migrates to ground water; and creates a land surface that supports 

other uses.  Capping is often an integral component in Brownfield remedial actions and is 

considered to be part of sound remedial strategy for this site. 
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In-Situ Remedial Methods 

In-situ soil remedial methods such as soil vapor extraction or in-situ chemical oxidation methods 

are not considered viable at this location due to the limited volume of impacted soil, general 

shallow depth of contaminated soil, and the semi-volatile nature of the contaminants of concern.  

While in-situ remedial methods are useful and effective tools for remediation of certain 

constituents of concern, these methods are less likely to be effective with the PAHs identified in 

site soil.  Therefore, in-situ soil remedial methods are not considered further in this document. 

 

Ground Water/Vapor Intrusion Alternatives 

 

No Action 

A no-action alternative must be considered as part of the ABCA process.  There would be no 

additional costs associated with the no-action alternative; however, this alternative would not 

allow future construction of buildings on the site due to the potential vapor intrusion risk posed 

by VOCs in ground water.  Because of the desire to redevelop the properties, the no-action 

alternative was eliminated from further consideration. 

 

In-situ Ground Water Remedial Methods 

In-situ ground water remedial methods such as ground water pump and treat and air sparging, as 

well as other remedial actions are not considered applicable at this site due to the limited area of 

impacted ground water, relatively low concentrations of contaminants in ground water, and lack 

of sensitive receptors within 1,000 feet of the site.  Given these factors, the installation and 

operation of an active ground water remediation system is not considered to be technically 

necessary.  Therefore, in-situ ground water remedial methods are not considered further in this 

document. 
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Vapor Intrusion 

Vapor intrusion mitigation can be addressed with a variety of engineered systems during 

construction of future onsite buildings.  These options are discussed below. 

 

Installation of Building Control Technologies 

Mechanical ventilation of buildings with outdoor air is required in compliance with the most 

current version of the Mechanical Ventilation Section of the Ventilation Chapter of the North 

Carolina State Building Code.  In addition, passive barriers are required beneath building slabs 

for new construction.  These technologies are relatively inexpensive to install during building 

construction activities and can effectively mitigate vapor intrusion concerns.  Three types of 

vapor barrier systems are considered below.   

 

Passive Barrier 

Passive barriers are installed below a building to physically block entry of vapors.  Most passive 

barriers are synthetic flexible membranes placed beneath the floor slab to prevent subslab soil gas 

from entering the structure through cracks or construction joints in the slab.  Passive barriers may 

not result in complete elimination of vapors due to the high potential for imperfections (e.g., 

penetration, tears, incomplete seals), but in instances where minimal reductions in vapor 

intrusion rates are required, passive barriers may be sufficient.  As noted above, passive barriers 

are required to be installed during building construction as part of the State Building Code.  

Furthermore, installation of passive barriers is typically specified in Brownfield agreements.  The 

installed cost for this type of system ranges from $0.50 to $3 per square foot of building area 

depending on the type of material used for the barrier. 

 

Passive Ventilation System 

A passive ventilation system involves placing a venting layer below the floor slab to allow soil 

gas to move laterally beyond the building footprint.  Passive venting systems are placed below 

passive barriers to be most effective.  The venting layer typically consists of permeable material, 
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such as sands or pea gravel, with perforated collection pipes routed at the periphery or through 

the venting media to collect soil gas and convey it to an exhaust point outside the building.  The 

installed costs for these systems range from $1 to $5 per square foot of building area, excluding 

the cost of a passive vapor barrier (see above). 

 

Active Ventilation System 

An active ventilation system functions by pulling soil gases from beneath the slab and venting 

them to the atmosphere at a height well above the outdoor breathing zone and away from 

windows and air supply intakes.  In new construction, active ventilation systems are similar to 

passive venting systems except that a fan is used to draw soil gas through the subslab venting 

layer prior to discharging it to the atmosphere.  The installed capital costs for these systems range 

from $1 to $5 per square foot of building area.  In addition, there are annual operation and 

maintenance costs associated with running the blower.   

 

4.3  Ground Water Encountered During Construction 

 
Ground water is not anticipated to be encountered during construction.  However, if ground 

water is encountered during construction activities, it should be properly handled to prevent 

exposure of construction and utility workers at the site to the chlorinated solvent constituents 

detected in ground water.  Contaminated water from de-watering activities during construction 

should be treated to meet discharge levels allowed at a POTW or NPDES permit, or must be 

properly containerized and disposed of at a permitted facility. 

 

4.4  Institutional Controls 

 

If residual impacted materials are left in place, institutional controls may be required.   

Institutional controls are implemented when residual contaminants in excess of regulatory 

threshold cleanup values remain at a site.  This may include a deed restriction for the property, 
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which would identify areas of residual contamination, and prohibit the future use of site ground 

water as a source for potable or non potable water.    

 

As of the preparation of this ABCA, the subject site is an approved NC Brownfield Program site. 

The City of Rocky Mount is currently working with the State on a draft Preliminary Proposed 

Brownfield Agreement for the site.   Remedial actions and institutional controls will be specified 

in the resulting NC Brownfield Agreement. 

 

4.5  Proposed Cleanup Alternative 

 

On the basis of effectiveness, technical feasibility, and cost, and assuming potential future 

residential or sensitive population use of the subject site, H&H recommends a combination of: 

 

• source removal in the northern area of the site to remove soil impacted with PAHs, and  

• capping of the remainder of the site with either building foundations or asphalt paving.   

 

Removal efforts would include the excavation and disposal of impacted soil as noted on Figure 2. 

Removal of these soils would eliminate the potential for exposure by site workers engaged in 

future construction and development at the site.    

 

In order to meet State standards for unrestricted use, excavation of impacted soils in the northern 

area of the site will remove soil containing PAHs at levels in excess of the most stringent of the 

NC standards, which are the recently updated SRGs (August 2007).  Removal of impacted soil 

will be by trackhoe.  Impacted soil will be separated from construction debris, loaded and 

transported for off-site disposal at a licensed Subtitle D landfill. Confirmatory sampling 

consistency be conducted to verify adequate removal of impacted soil.  Subsequent to 

excavation, the area(s) will be backfilled to pre-excavation grade with clean fill from an off site 

source.   



 

29 
S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\ABCA\ABCA CRM-002.doc Hart & Hickman, PC 

 

To minimize the risk associated with potential vapor intrusion of VOC constituents, the 

installation of a passive barrier system beneath buildings constructed across the site is 

recommended.  The implementation of institutional controls, in accordance with the site’s NC 

Brownfield Agreement, will be required if source removal cleanup activities cannot feasibly 

remove or mitigate chlorinated solvent impacts from site soil and ground water to below 

applicable regulatory standards.   

 

Due to the anticipation of a low risk classification for this site and limited ground water impact, 

H&H does not recommend active remediation or monitoring of contaminated ground water at the 

site.  Active remedial methods are incompatible with the future redevelopment at the site and are 

cost-prohibitive based on the relatively low concentrations detected and high costs associated 

with the maintenance, upkeep and operation of such systems.   

 

Contaminated ground water, if encountered during construction activities, should be either 

contained and disposed of off-site, or treated and discharged under local permitting regulations to 

the local POTW.  The appropriate approach will depend upon the volume of ground water 

generated. 

 

A contingency for encountering currently unidentified areas of impacted soil at the site based on 

excavating and disposing of from 200 to 400 tons of non-hazardous soil plus associated 

confirmation sampling and disposal sampling. 
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4.6  Cost Estimate for Proposed Cleanup Alternative 

 

Hart & Hickman has estimated the costs of mitigating the risks posed by site contaminants based 

on the recommended cleanup alternative described in Section 4.5.  This cost estimate is based on 

a number of assumptions and criteria discussed below.   

 

The estimated costs are presented in Table 3.   Costs assume: 1) no active ground water 

remediation, 2) the excavation and off-site disposal as non-hazardous waste of between 556 tons 

to 1,670 tons of soil impacted with PAHs, 3) inclusion of a passive vapor barrier system during 

building construction will be absorbed by construction costs, 4) proper closing of the three on-

site monitoring wells, and 5) excavating a contingent area of currently unidentified impacted soil 

ranging from 200 to 400 tons. 

 

The proposed cleanup activities will address these five items, including a 20% contingency for 

unknown factors.  As noted on Table 3, the total estimated cost ranges from $93,600 to 

$213,000. The range of costs is largely based on the difference in soil volume anticipated by 

removing the upper foot in an approximate area of 10,000 ft2 to removing the upper three feet of 

soil in the same area.  Analytical costs assume PAH analysis only from 50 (low range) to 100 

(high range) confirmation base and sidewall samples.   

 

Costs include compacting with a trackhoe bucket only and exclude compaction testing.  Costs 

exclude active ground water remediation or vapor intrusion mitigation costs other than those 

anticipated to be absorbed by building construction costs. 
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5.0 Schedule 
 

The City of Rocky Mount understands that this ABCA must first be reviewed and approved by 

EPA prior to any removal actions taking place under the City’s Cleanup Grant.  Upon receiving 

EPA’s comments on this ABCA, the ABCA will be revised if necessary, and publicly noticed for 

a 30-day period.  Copies of the ABCA will be made available to the public through a hyperlink 

accessed on the City’s Community Development website, and through City offices.  Comments 

from the public will be discussed with EPA and addressed accordingly.  A final ABCA will be 

prepared and site cleanup activities will be scheduled.   

 

Considering the time necessary for EPA review of the ABCA, required public comment periods, 

and negotiation with NCDENR on the site NC Brownfield Agreement, we anticipate that site 

cleanup activities under the City’s Cleanup Grant could be initiated as soon as February 2008.  

Once begun, site cleanup activities, excluding further evaluation of the suspect UST that may be 

performed during active redevelopment activities, should take approximately three to six weeks.   
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Sample ID TW-3 TW-3
Date Collected 4/17/2007 4/17/2007

Units ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
VOCs 
cis-1,2-Dichloroethene 3.9 1,000 1,000 1,000 3.9 6,710 6,710 6,710
Tetrachloroethene (PCE) 18 540 54 5.4 18 5,620 562 56.2
Trichloroethene (TCE) 12 26 5.0 5.0 12 353 35.3 3.5

Notes:
1.  Bold font denotes that the VOC concentration in the ground water sample exceeds one or more target ground water concentrations.
2.  Shading indicates the risk level for which the target ground water concentration is exceeded.
3.  Source: Draft EPA OSWER Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils, November 2002.
4.  AF- attenuation factor of 2 x 10-4 based on an approximate average eight (2.5 m) feet depth between future building foundation to the top of the ground water and sandy loam soils.
5.  Source: Johnson and Ettinger Model for Subsurface Vapor Intrusion into Buildings; http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm

Ground Water 
Concentration

1 x 10-4 1 x 10-5 1 x 10-6

DRAFT Risk-Based Target Ground Water 

Concentrations AF4 = 2 x 10-4

 Calculated Ground Water Target 

Concentrations

1 x 10-4 1 x 10-5 1 x 10-6

Ground Water 
Concentration

Johnson-Ettinger GW-SCREEN-Feb045

Table 1
Comparison of Ground Water Target Concentrations Based on Two Vapor Intrusion Modeling Methods

Brownfield Cleanup Grant - Analysis of Brownfield Cleanup Alternatives
Former Tobacco Warehouse

Rocky Mount, North Carolina

H&H Job No. CRM-002

EPA OSWER Screening Levels3
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Cleanup Alternative Effectiveness Long-Term Reliability
Implementation/

Implementation Risk
Cost Implications

1.  No Action 
Does not address source 
removal concerns.

Does not allow for meeting more 
conservative residential soil cleanup 
standards in localized areas.

No implementation risk. No cost implications.

2.  Source Removal and Off-site 
Disposal

Source removal and proper off-
site disposal will result in 
contaminant mass being 
removed from the site in 
accordance with state and 
federal regulations.

High.  Once source effectively removed, 
the area is not subjected to continued 
releases from the source.

Implementation risk is low.  
Source removal methods will 
entail contaminated sump 
sediment, residual coal, 
contaminated shallow soil 
removal and potential 
excavation of the suspect UST 
and associated impacted soil 
using standard operating 
practices in accordance with 
state and federal regulations.

Estimated costs range from 
approximately $93,600 to 
$213,000 for the site 
(including 20% contingency).

3.  Capping and/or Institutional 
Controls (IC)

Capping effectively minimizes 
surface exposure to 
contaminated soil and prevents 
the generation of contaminated 
leachate to ground water. ICs 
minimize exposure risks by 
preventing site uses that would 
allow contact with 
contaminants.

High.  The risk of exposure is minimized 
when contaminated soil is capped by 
asphalt or building foundations. Requires 
some maintenance and proper public 
notification of Ics.

Implementation risk is low.  
Capping methods are widely 
used and proven to be 
effective. Existing building 
foundation may qualify for site 
cap. Risks of using IC minimal 
if site properly maintained and 
IC communicated to future 
owners.

Modest cost implications.  
Capping costs generally 
absorbed by site 
redevelopment construction.  
Preparation and filing of ICs 
require moderate amount of 
coordination with state and 
county agencies, public 
notification and administrative 
labor costs.

4.  In-situ Soil Remedies
Effectively remediates VOCs 
from subsurface soil.

Moderate.  Effectiveness drops off as VOC 
concentrations are reduced through time.  
Systems require active operations, 
maintenance and monitoring.

Limited distribution of VOCs 
in subsurface soil do not drive 
the need for the installation and 
operation of in-situ remedial 
system.

Estimated capital costs are on 
the order of $50,000, plus 
yearly costs for operation, 
maintenance, monitoring, and 
reporting; expensive option 
based on limited distribution 
of VOCs in soil.

 5. Passive Barrier
Effectively prevents vapors 
from entering future site 
buildings.

High.  Eliminates the risk of exposure to 
vapors inside future site buildings.  
Requires maintenance particularly with 
active systems.

Implementation risk is low.  
Vapor barrier systems are 
widely used and proven to be 
effective.

Required under NC building 
construction code.  Moderate 
installation costs depend on 
the area of the building ($0.50 
to $3/sq ft).

6.  Passive Ventilation System
Effectively prevents vapors 
from entering future site 
buildings.

High.  Eliminates the risk of exposure to 
vapors inside future site buildings.  
Requires maintenance particularly with 
active systems.

Implementation risk is low 
based on proven technology 
and installation methods.  

Moderate installation costs 
depend on the area of the 
building ($1 to $5/sq ft).

7.  Vapor Barrier System
Effectively prevents vapors 
from entering future site 
buildings.

High.  Eliminates the risk of exposure to 
vapors inside future site buildings.  
Requires maintenance particularly with 
active systems.

Implementation risk is low.  
Vapor barrier systems are 
widely used and proven to be 
effective.

Moderate installation costs 
depend on the area of the 
building ($1 to $5/sq ft) plus 
annual operations and 
maintenance costs.

Note:  Assumes no active ground water remediation system required.

H&H Job No. CRM-002

Table 2
Comparison of Brownfield Cleanup Alternatives

Former Tobacco Warehouse
Rocky Mount, North Carolina

Brownfield Cleanup Grant - Analysis of Brownfield Cleanup Alternatives
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Low Range High Range

Cleanup Plan & H&S Plan - All Tasks 4,500$        to 6,000$         

H&H Labor & Equipment - Source Removal Field Activities 6,000$        to 13,000$       

Source Removal Subcontractor Costs1:

Mobilization (Flat Fee) 1,000$        to 1,000$         

Excavation & Loading 4,500$        to 13,800$       

Transportation & Disposal 24,000$      to 70,000$       

Backfill Supply & Transportation 6,000$        to 18,500$       

Backfill Placement & Compaction2 2,500$        to 7,500$         

Analytical Laboratory (confirmatory soil samples PAHs)3 4,000$        to 8,500$         

Subtotal - Source Removal - Subcontractor Costs: 42,000$      to 119,300$     

Closure Report - Source Removal 8,500$        to 10,000$       

Total - Source Removal: 56,500$      142,300$     

H&H Labor & Equipment - Monitoring Well Closure (3 wells) 1,500$        to 3,000$         

Subcontractor Costs - Monitoring Well Closure 2,500$        to 3,300$         

Total - Monitoring Well Closure: 4,000$        to 6,300$         

Contingent Excavation of Unidentified Areas of Impacted Soil 13,000$      to 23,000$       

Total All Tasks: 78,000$      to 177,600$     

Contingency (20%): 15,600$      to 35,400$       

Total Estimated Cost: 93,600$      to 213,000$     

Notes:
1. Source removal  refers to the excavation, transportation and off-site disposal of soil impacted 
    with cPAHs in the northern area of the site.  Estimated costs assume an excavation depth of one 
    foot below ground surface (bgs) for the low range and 3 feet bgs for the high range in an area of
   approximately 10,000 square feet.
2. Costs assume that soil compaction will be performed with a trackhoe bucket and excludes costs for 
    compaction testing.
3. Analytical costs assume a range in number of confirmatory soil samples for analysis for PAH 
    constituents only from 50 to 100 samples.
4.  Other cleanup cost estimate assumptions are provided in Section 4.6.
5. Costs exclude addressing cleanup of ground water or mitigation of vapor intrusion risk.
6.  Well closure costs include closure of on-site wells TW-1, TW-2, and TW-3.

Table 3
Summary of Estimated Cleanup Costs

Proposed Cleanup Alternative

Former Tobacco Warehouse

H&H Job No. CRM-002

Estimated Costs1

Brownfield Cleanup Grant - Analysis of Brownfield Cleanup Alternatives

Rocky Mount, North Carolina

Task

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\ABCA\ABCA Tables Tobacco Whse
November 8, 2007 Hart Hickman, PC



TITLE

PROJECT

SITE LOCATION

FORMER TOBACCO WAREHOUSE SITE
ROCKY MOUNT, NORTH CAROLINA

DATE:

JOB NO:

REVISION NO:

FIGURE NO:

09/09/07 0

1CRM-002

0 2000 4000

APPROXIMATE

SCALE IN FEET
N

U.S.G.S. QUADRANGLE MAP
7.5 MINUTE SERIES (TOPOGRAPHIC)

ROCKY MOUNT, NORTH CAROLINA 1977

SITE

8601 Six Forks Road, Suite 400

Raleigh, North Carolina 27615

(919) 847-4241 (Phone)

(919) 847-4261 (Fax)





             

         

 

Appendix A 
 

Remedial Design Investigation Report, Former Tobacco Warehouse Site, 

Hart & Hickman, PC, CRM-002, November 8, 2007 



             

         

 

Appendix B 

Johnson-Ettinger Model Results 

 
 





Brownfield Remedial Design 

Investigation Report 

Former Tobacco Warehouse Site 

Rocky Mount, North Carolina

H&H Job No. CRM-002 

November 8, 2007 

8601 Six Forks Road 

Suite 400 

Raleigh, NC  27615 

919-847-4241 

2923 South Tryon Street 

Suite 100 

Charlotte, NC  28203 

704-586-0007 



S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

i

Brownfield Remedial Design Investigation Report 

Former Tobacco Warehouse Site 

Rocky Mount, North Carolina 

H&H Job No. CRM-002

Table of Contents

Section        Page No.

EXECUTIVE SUMMARY ..........................................................................................................ES-2

1.0  Introduction and Background....................................................................................................2

1.1  Site Conditions .....................................................................................................................2 

1.2  Recognized and Potential Environmental Conditions.........................................................2 

1.3  Discussion of Previous Data ................................................................................................2 

1.4  Additional Findings..............................................................................................................2 

2.0  Remedial Design Investigation....................................................................................................2

2.1  General Field Practices.........................................................................................................2 

2.2  Permitting & Subsurface Utility Survey  Activities ............................................................2 

2.3  Soil Sampling .......................................................................................................................2 

2.4  Monitoring Well Installation and Sampling ........................................................................2 

2.5  Exploratory Excavation Activities .......................................................................................2 

3.0  Results of the Remedial Design Investigation ...........................................................................2

3.1  Data Review, Verification and Validation...........................................................................2 

3.2  Site Lithology .......................................................................................................................2 

3.3  Soil Analytical Results .........................................................................................................2 

3.4  Ground Water Analytical Results ........................................................................................2 

3.5  Ground Water Elevation Data..............................................................................................2 

3.6  Exploratory Excavation Results...........................................................................................2 

3.7  Screening for Vapor Intrusion Risk .....................................................................................2 

3.8  Brownfields Area Reconnaissance and Receptor Guidance ...............................................2 

4.0  Key Findings and Recommendations ........................................................................................2

5.0  References .....................................................................................................................................2



S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

ii

Table of Contents (continued) 

List of Tables

Table 1  Sample Summary 

Table 2  Summary of Soil Analytical Results  

Table 3  Summary of Monitoring Well Data  

Table 4  Summary of Ground Water Analytical Results

Table 5  Calculation of Total Equivalent Soil Concentrations - cPAHs 

Table 6  Comparison of Selected Ground Water Results with Vapor Intrusion Screening 

Levels 

List of Figures

Figure 1 Site Location  

Figure 2 Boring and Monitoring Well Locations 

Figure 3 Selected Chemical Constituents in Soil from Previous Investigations 

Figure 4 Selected Chemical Constituents in Ground Water from Previous Investigations 

Figure 5 Metals in Soil  

Figure 6 VOCs and SVOCs/PAHs in Soil 

Figure 7 Selected Chemical Constituents in Ground Water  

Figure 8 Ground Water Elevation Contours, April 17, 2007 

Figure 9 Location of Geophysical Anomalies and Excavation Areas 

List of Appendices

Appendix A Well Permits and Driller Well Construction Records  

Appendix B Boring Logs and Monitoring Well Construction Records 

Appendix C Boring and Ground Water Well Survey Data  

Appendix D Summary of Data Review, Verification & Validation and Laboratory Analytical 

Data  

Appendix E Evaluation of Metals Data 

Appendix F Geophysical Anomalies 

Appendix G NC Brownfields Area Reconnaissance and Receptor Guidance Form



ES-1 

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

EXECUTIVE SUMMARY 

Hart & Hickman, PC conducted a Brownfield Remedial Design Investigation (RDI) at the 

Former Tobacco Warehouse site in Rocky Mount, NC under the City of Rocky Mount’s EPA 

Cleanup Grant BF-96432105-0 in April and May 2007.  The scope of work was conducted in 

accordance with the approved QAPP for the site and subsequent correspondence with EPA.   

The primary goal of the RDI was to close data gaps related to the design of the site remedy. The 

RDI objectives were to 1) confirm findings of previous site assessments conducted on the 

property, particularly with respect to metals in soil, and ground water contaminants, 2) provide 

additional vertical characterization of site soil, 3) obtain site soil data with respect to 

organophosphate pesticide compounds, and 4) to investigate potential historic source areas 

identified in the northern portion of the site (Oil Storage Area and Coal Storage Area) that had 

not been investigated previously.  

Redevelopment plans for the site consist of mixed use including multi-family residential units 

and cultural components.  Because future site use includes residential housing, we have 

compared site data to stringent regulatory screening levels. 

Key findings of the Brownfield RDI activities at the subject site are summarized below. 

• An area in the northern portion of the site that was not previously investigated 

contains PAHs, including carcinogenic PAHs, in excess of NC regulatory screening 

criteria in shallow soil.   

• Previous concerns about elevated metals in soil at the subject site were not confirmed 

by additional metals data collected from the upper three feet of soil across the site.  

Statistical analysis of the combined dataset of RD investigation data and data 

collected during previous site investigations indicates that most data points do not 

exceed regulatory screening criteria and are within NC background concentrations of 

metals in soil. 



ES-2 

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

• Chlorinated solvent contamination (PCE, TCE, and cis-1,2-DCE) in shallow ground 

water is limited to the northern portion of the site.  These solvents are detected only in 

well TW-3 in excess of NC 2L ground water standards, but at low concentrations. 

• A preliminary evaluation of vapor intrusion risk for future buildings constructed 

during redevelopment indicates that concentrations of PCE and TCE in ground water 

in the area around well TW-3 are sufficiently elevated to pose a potential vapor 

intrusion risk to future site buildings.  Additional modeling of this risk is warranted.  

• Analytical data indicate that VOCs are generally not an environmental concern in site 

soil.  Only one sample (SB-13, 1-3 ft) had a concentration of PCE in excess of the 

most stringent regulatory screening criteria, but this sample result was just at the 

laboratory reporting limit. 

• Organophosphate compounds were not reported above reporting limits for soil 

samples collected from the wells TW-1, TW-2, and TW-3. 

• SVOCs/PAHs were not reported in site ground water. 

• Metals concentrations in ground water were detected in excess of NC 2L ground 

water standards or Federal MCLs with respect to arsenic, total chromium and lead in 

wells TW-2 and the duplicate from TW-1   These constituents also exceed reported 

background concentrations in NC ground water (NC DENR, August 2006).  

However, these results are considered to be due to the unfiltered nature of the water 

samples. 

Recommendations

Based on the RD Investigation findings, cleanup activities for redevelopment at the subject site 

should include the following: 

• Removal of shallow subsurface debris, concrete pads, and old brick structures from the 

site. 
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• Excavation of shallow soil in the northern portion of the property to remove soils 

containing carcinogenic PAHs in excess of applicable regulatory criteria. 

• Mitigation measures with respect to potential vapor intrusion issues, particularly in the 

northern area of the site. 

• The Site Brownfield Agreement should include requirements and institutional controls 

such as capping of soils that may contain isolated areas of elevated metals 

concentrations and incorporating restrictions on site ground water use. 
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Brownfield Remedial Design Investigation Report 

Former Tobacco Warehouse Site 

Rocky Mount, North Carolina 

H&H Job No. CRM-002

1.0  Introduction and Background 

On behalf of the City of Rocky Mount, Hart & Hickman, PC (H&H) conducted a Remedial 

Design (RD) Investigation at the Former Tobacco Warehouse Site to support the preparation of 

an Analysis of Brownfield Cleanup Alternatives (ABCA) for the site.  The work was conducted 

under the City’s U.S. Environmental Protection Agency (EPA) Region 4 Brownfield Cleanup 

Grant BF-96432105-0.   

This Brownfield Remedial Design Investigation Report (RDI) presents findings of RD 

investigation activities conducted in April and May 2007 in accordance with the Quality 

Assurance Project Plan (QAPP) developed for this site (Hart & Hickman, Rev. 0, January 5, 

2007) as approved by EPA on February 12, 2007.  In addition, investigative activities included 

exploratory excavation at the site of 10 geophysical anomalies identified during subsurface utility 

locating activities.  At EPA’s request, the exploratory excavation scope of work was submitted in 

a letter to EPA (Hart & Hickman, PC, May 3, 2007), and was subsequently approved by EPA on 

May 4, 2007. 

The subject site is a 2.7 acre parcel located in the City of Rocky Mount, Edgecombe County, 

North Carolina (“subject site”, Figure 1).  The subject site address is 221 N.E. Main Street and is 

bounded by N.E. Main Street to the west, an alley way behind commercial property to the south, 

Albemarle Avenue to the east, and E. Goldleaf Street to the north (Figure 2).    The subject site is 

currently vacant with no existing structural improvements.  Site structures from historic tobacco 

warehouse activities were demolished in 2004.   
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The subject site was formerly the location of several historic tobacco warehouse operations.  The 

northern portion of the property was historically operated as a planing mill (pre-1896 to about 

1900) and a tobacco prizery (1912 through the 1930s).  The Fenner Tobacco Warehouse 

occupied a portion of the property from the 1940s through mid-1990s.  Land use within the 

southern portion of the property was predominantly residential from pre-1896 through the 1930s 

or 1940s, at which time the area was developed as the Tobacco Planters Warehouse.  Tobacco 

Planters operated at this location through the late 1960s, after which a retail fertilizer facility 

operated at the location through the late 1980s.  The facility was subsequently utilized as a 

warehouse by Cobb and Carlton until the early 2000s.  Prior to their demolition in 2004, the 

footprint of the warehouse structures occupied the entire property.   

The City of Rocky Mount purchased the Former Tobacco Warehouse site in January 2005 in 

anticipation of site vicinity redevelopment efforts.  The Former Tobacco Warehouse site forms 

an integral part of the Douglas Block Redevelopment Area.  The Former Tobacco Warehouse 

site and the greater Douglas Block Redevelopment Area have been accepted into the North 

Carolina Department of Environment and Natural Resources (NCDENR) Brownfields Program. 

Currently the City is preparing a Preliminary Proposed Brownfield Agreement. 

1.1  Site Conditions 

The site is currently a vacant, grassy open field.  Vehicular access to the site is via a driveway at 

the southern boundary of N.E. Main Street.  The topography is generally flat although an area in 

the east-central portion of the site is raised approximately one foot from the grade to the north.  

The ground surface in the southeastern portion of the site is irregular with ponded water visible 

after precipitation events.   
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1.2  Recognized and Potential Environmental Conditions 

Phase I and Phase II Environmental Site Assessments were conducted at the subject site by others 

in 2004. Figures 3 and 4 depict selected soil and groundwater data obtained during these previous 

site assessment activities.  As a result of these investigations, other investigators concluded that 

site recognized environmental conditions (RECs) included the following: 

• Contaminated soil and ground water from product storage/spillage in the warehouses; 

• Demolition debris remaining on the property; 

• Residual pesticide and herbicide contamination of soil and ground water; 

• Elevated metals constituents, particularly arsenic, mercury, barium, cadmium, chromium, 

and lead in shallow soil; 

• Tetrachloroethene (PCE) in shallow soil; and  

• Elevated concentrations of lead, PCE and hexachloroethane in shallow ground water. 

Potential environmental conditions were not specified in the previous reports. 

1.3  Discussion of Previous Data 

Discussion of Previous Site Assessment Soil Data 

The results of previous assessment activities at the site resulted in the reports of elevated metals 

and PCE in soil samples collected within the upper foot at the subject site.  Lead and mercury 

reported in nine soil samples exceeded their respective reported background values in NC soil 

(NC DENR, August 2006).  Arsenic concentrations reported in soil samples obtained from across 

the site exceeded the relatively low EPA Region 9 Residential and Industrial Preliminary 

Remediation Goals (PRGs) for arsenic in soil. These soil concentrations are within the reported 

background concentration of arsenic in NC soils and are below the NC DENR Inactive 

Hazardous Site Health-Based Soil Remediation Goals (SRGs).   
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Soil samples had not been submitted for chemical analysis from below a depth of about one foot 

at the site.  Therefore the vertical extent of the reported elevated metals data could not be 

determined.   

Additionally, previous investigators reported oil and grease by EPA Method 9071A in two soil 

samples collected in the southeastern area of the site and along the northwestern property 

boundary at concentrations of 420 milligrams per kilogram (mg/kg) (HA-9) and 520 mg/kg (HA-

14), respectively.  However, if this analytical method is not also performed in association with a 

silica gel preparation, the analytical result can include biological lipids in addition to mineral 

hydrocarbons. The previous reports did not specify that a silica gel preparation was performed.  

Therefore these results can not be assumed to represent oil and grease contamination at the site. 

Discussion of Previous Site Assessment Ground Water Data 

The results of a one-time sampling event of six piezometers (P-1 through P-6) during the 

previous site assessment activities in 2004 indicated that PCE was detected in ground water at 

the site in P-3 at 72 micrograms per liter (ug/L), two orders of magnitude above the 2L 

Groundwater Standard for PCE defined by North Carolina Administrative Code (NCAC), Title 

15A, Subchapter 2L, Section .0202 (Water Quality Standards for Class GA Groundwater).  

Lead was detected at a concentration of 21 µg/L in P-6, just slightly above the NC 2L Ground 

Water Standard.  Fluorene and hexachloroethane were also reported at the detection limit in the 

ground water sample collected from P-1.  No standard was available for comparison for 

hexachloroethane, but fluorene was well below the NC 2L Ground Water Standard.   These 

results are graphically depicted on Figure 4. 
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1.4  Additional Findings 

H&H identified other recognized environmental concerns stemming from historic site activities 

during our review of regulatory agency files and historic Sanborn maps conducted for the 

adjacent Douglas Block site.  Those results are provided below. 

On-Site Underground Storage Tank (UST) 

As part of the City of Rocky Mount’s EPA-funded Brownfield Assessment activities for the 

neighboring commercial area known as the Douglas Block, the subject site was noted as a 

Leaking Underground Storage Tank (LUST) site (Hart & Hickman, Phase I ESA, August 1, 

2006).  A review of regulatory files managed by the NCDENR, Raleigh Regional Office (RRO) 

indicated that a release from a 650-gallon heating oil underground storage tank (UST) was 

discovered during removal from the site in March 2004.  As part of UST closure proceedings, 

approximately 7.5 tons of petroleum contaminated soils were reportedly removed from the 

subject site.  At the time of UST closure, the presence of structures (e.g., warehouse buildings) 

impeded the ability of the contractor to remove additional soils.  A Notice of Violation (NOV) 

was issued to the former property owner (Plantation Enterprises, Inc.) on May 5, 2006 for failure 

to submit a Limited Site Assessment (LSA) for the release.  The incident related to the former 

UST remains open.   

Other Potential Source Areas 

In addition, historical research conducted by H&H during the Phase I ESA for the adjacent 

Douglas Block indicated the presence of an Oil Storage Area and Coal Storage Area in the 

northern portion of the subject site along E. Goldleaf Street.  These areas had not been 

investigated previously.   
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Based on a review of the previous site assessment reports, and historical research in the site 

vicinity, H&H identified several data gaps with the previous assessment data that are discussed in 

Section 2.   
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2.0  Remedial Design Investigation  

The objectives of the remedial design investigation were to confirm the previous investigation 

results and address identified data gaps from previous investigations.  These were: 

• Confirm metals data in site soil; 

• Provide data on the vertical distribution of metals in soil for planned excavation activities 

under the EPA-funded Brownfield Cleanup Grant; 

• Investigate the northern area of the subject site to assist in identifying whether remedial 

design components were needed to address contamination in the northern area; 

• Obtain organophosphate compound data as these compounds were frequently used in 

tobacco warehouse operations and had not been analyzed for in site soils previously; and 

• Obtain ground water data to evaluate the presence of contaminants in site ground water 

and whether, if present, ground water constituents posed a risk of vapor intrusion to 

future buildings at the site. 

2.1  General Field Practices 

Field activities were conducted in accordance with the protocol presented in the approved QAPP 

(H&H, January 5, 2007), except as noted otherwise in this report.  The subsurface investigation 

and soil sample collection tasks were completed from April 11, 2007 through May 8, 2007.  

Ground water sampling and a water level survey were performed on April 17, 2007.  The 

surveying of soil boring and well location coordinates and surface elevations was performed in 

April 2007 by Joyner Keeney & Associates of Rocky Mount, NC.   
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Generally, field activities consisted of the following:  

1. Conducting preliminary field tasks such as permitting activities and a subsurface 

geophysical utility survey using a non-intrusive, electromagnetic detector, the 

Geonics EM-61;  

2. Advancing 16 soil borings (TW-1, TW-2, TW-3, SB-4, SB-5, SB-6, SB-7, SB-8, 

SB-9, SB-10, SB-11, SB-12, SB-13, SB-14, SB-15 and SB-16) on the property with 

continuous sampling using a direct push technology (DPT) drill rig;  

3. Collecting a total of thirty seven (37) soil samples including three duplicate samples 

and a site-specific MS/MSD sample for laboratory analysis from the soil borings;  

4. Installing three permanent monitoring wells (TW-1, TW-2 and TW-3) using a direct 

push technology (DPT) drill rig;  

5. Collecting a total of five ground water samples including one duplicate and one site-

specific matrix spike/matrix duplicate (MS/MSD) samples for laboratory analysis 

from the monitoring wells;   

6. Surveying the locations and elevations of soil borings and monitoring wells; and 

7. Conducting exploratory excavation in areas associated with geophysical anomalies 

identified during the EM61 survey. 

2.2  Permitting & Subsurface Utility Survey  Activities 

H&H submitted an application to the Edgecombe County Health Department, Environmental 

Health Division for the issuance of monitoring well permits to allow for the installation of three 

groundwater monitoring wells at the site.  Permits for the construction of the wells were issued 

on March 20, 2007.  Copies of these permits are presented in Appendix A.   
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H&H contacted North Carolina One Call to mark subsurface utilities in the area prior to the start 

of drilling activities.  H&H also contacted the City of Rocky Mount Public Utilities Department 

to mark and provide information regarding the locations of City-owned utilities near the site.   

Preliminary field activities were conducted by H&H at the site on April 11, 2007 and included 

oversight of the subsurface utility and geophysical (EM61) survey, and marking of boring 

locations. The EM61 survey and subsurface utility sweep were conducted across the site by GEL 

Geophysics (GEL) of RTP, North Carolina.  During the performance of the EM61 survey, GEL 

personnel identified the presence of numerous geophysical anomalies.  Of those detected, 10 

were considered large enough to represent the potential presence of buried USTs.   

2.3  Soil Sampling  

Soil sampling was conducted to fill data gaps for use in the remedial design at the subject site. 

Pilot holes for monitoring wells TW-1, TW-2, and TW-3 and soil borings SB-4 through SB-16 

were advanced to depths ranging from 4 feet (ft) (SB-4 through SB-15) to 20 ft (TW-1) below 

ground surface (bgs) across the site.  Borings were advanced at the site on April 12 and 13, 2007 

using a Geoprobe® 66DT direct push technology (DPT) drill rig operated by Troxler Geologic 

Services, Inc. of Raleigh, NC.  At each sampling location, a continuous core of subsurface soils 

was collected via the DPT coring device.  The boring and well locations are shown on Figure 2.  

Boring logs and monitoring well construction logs are presented in Appendix B. 

Following collection, soil samples were described to determine lithology (i.e., color, soil type, 

moisture content), inspected for the presence of staining, and screened in the field with a 

Microfid® I/S flame ionization detector (FID) to evaluate the potential for volatile organic 

compound (VOC) contamination in site soils, and to assist in sample selection for chemical 
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analysis.  Prior to use of the FID in the field, the unit was calibrated in accordance with the 

manufacturer’s suggested practices for unit calibration.   

Soil samples were collected for laboratory analysis in accordance with the sampling protocol 

presented in the approved QAPP (H&H, January 5, 2007).  A portion of each sample collected 

from the borings was placed in plastic Ziploc® bags for screening with the FID.  Vapors, if 

present, were allowed to volatilize within the bag(s) prior to screening with the FID.  Only low 

measurements were obtained with the FID. FID readings are included on the boring logs in 

Appendix B.    

Soil samples submitted for chemical analysis were collected from 0-1 ft and 1-3 ft depth intervals 

based on previous investigative data collected in the upper foot of the soils at the site, and the 

likely depth of foundation construction for redevelopment purposes.  One additional sample was 

collected from boring TW-1 from a depth of 6-8 ft for chemical analysis.   A summary of the soil 

samples submitted for chemical analysis and requested analyses for each sample are presented in 

Table 1.   

A total of 37 soil samples, including four quality assurance samples, from the site were submitted 

for chemical analysis during the remedial design investigation.  The quality assurance samples 

included three duplicate samples “Duplicate”, “Duplicate 2” and “Duplicate 3”, and one matrix 

spike/matrix spike duplicate sample “MS/MSD”.   

Sample “Duplicate” was collected from a depth of 1 ft-3 ft bgs from TW-2.  Sample “Duplicate 

2” was prepared from soils from a depth of 1 ft – 3 ft bgs from SB-14 and “Duplicate 3”was 

prepared from soil from a depth of 0-1 ft bgs from TW-3.  Samples “Duplicate 2” and “Duplicate 

3” were prepared in the laboratory due to an insufficient volume of soil available for analyses by 

EPA Methods 8270 and 8141.  Sample “MS/MSD” was collected from a depth of 6 ft – 8 ft bgs 

from TW-1.   
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All 33 soil samples, one duplicate and one MS/MSD sample were submitted for chemical 

analysis for RCRA metals by SM6010B (arsenic, barium, cadmium, total chromium, lead, 

selenium, and silver) and EPA Method 7471A (mercury).  Twenty-five soil samples, one 

duplicate and one MS/MSD sample were analyzed for VOCs by EPA Method 8260B (5035 

preparation). 

Six soil samples, one duplicate and one MS/MSD collected from TW-1 (1 -3 ft and 6-8 ft), SB-

14 (0-1 ft and 1 - 3 ft) and SB-15 (0-1 ft and 1-3 ft) were analyzed for semi-volatile organic 

compounds (SVOCs) by EPA Method 8270C, which included a library search for the ten largest 

peaks signifying tentatively identified compounds (TICs).  Three soil samples, one duplicate and 

one MS/MSD sample collected from TW-3 (0-1 ft), SB-12 (0-1 ft), and SB-16 (0-1 ft) were 

analyzed by EPA Method 8270C for polynuclear aromatic hydrocarbons (PAHs). 

Three soil samples, one duplicate and one MS/MSD sample collected from TW-1 (0-1 ft), TW-2 

(0-1 ft) and TW-3 (0-1 ft) were analyzed for organophosphate pesticides by EPA Method 8141A. 

Dedicated sample bottles provided by Prism Laboratories, Inc. (Prism) of Charlotte, NC were 

used for sample collection.  A chain-of-custody record was completed for the samples submitted 

for chemical analysis and included the sample description, date and  time collected, sample 

matrix, sample container information, and requested analyses.  Prism subcontracted the 

organophosphate pesticide (EPA-8141A) analysis to Gulf Coast Analytical Laboratories (GCAL) 

of Baton Rouge, LA.  A separate chain-of-custody record was completed by Prism for the 

samples submitted to GCAL.  GCAL is a certified laboratory in North Carolina (#618), South 

Carolina (#73006), Georgia (#LA-01955, and has NELAP certification (#01955). 

The chain-of-custody forms were signed by H&H sampling personnel and placed with the sample 

containers into separate, iced coolers for delivery to Prism via the laboratory’s courier service.  
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Soil samples collected at the site on April 12 and 13, 2007 were relinquished to Prism’s courier 

service on April 13, 2007 for delivery to the laboratory.  Samples to be analyzed for 

organophosphate pesticides were relinquished by Prism to Federal Express (FedEx) on April 19, 

2007 for overnight delivery to GCAL, under separate chain of custody.  Analytical results for soil 

samples are summarized on Table 2. 

After soil sampling was completed, the DPT bore holes were backfilled with cement grout and 

bentonite to surface grade, with the exception of those borings converted to permanent ground 

water monitoring wells,.  Boring and monitoring well logs are provided in Appendix B. 

2.4  Monitoring Well Installation and Sampling 

To confirm ground water results from previous investigations and evaluate the need to include a 

vapor intrusion risk evaluation in the RD, three permanent ground water monitoring wells were 

installed onsite at locations depicted on Figure 2.  Monitoring wells TW-1, TW-2 and TW-3 

were installed on April 12, 2007 to depths of 20 ft bgs, 16 ft bgs, and 16 ft bgs, respectively.   

Each monitoring well was constructed with 2-inch diameter, Schedule 40 PVC, 0.01-inch slotted 

screen and 2-inch diameter, Schedule 40 PVC riser pipe.  The screened section of each well was 

installed to intersect the ground water table.  A clean, washed #2 (“Torpedo Sand”) sand pack 

was placed around the annulus of the screened interval of the well, and extended to 

approximately one foot above the screened section.  A one-foot thick bentonite clay seal was 

placed in the annulus above the sand pack. The remaining portion of the borehole was filled to 

surface grade with Portland cement grout.   

Each well was completed at surface grade with a locking well cap and eight-inch diameter steel 

manhole with a bolt-down cover set in cement.  Table 3 summarizes the monitoring well 
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construction details.  Well permits and driller well construction records are provided in Appendix 

A. 

H&H personnel returned to the site on April 17, 2007 to develop and sample the newly installed 

wells.  Prior to the development, purging, and sampling of the wells, the water level and depth to 

bottom of each well were gauged from the top of the well casing using an electronic water level 

indicator.  Depth to water measurements obtained on April 17, 2007 ranged from 14.30 ft 

beneath the top of casing (btoc) in TW-2 to 19.33 ft btoc in TW-1.   

Development, purging, and sampling of the wells were performed with disposable bailers.  Each 

of the wells was purged of a minimum of three well volumes of water prior to sampling. 

Recharge in well TW-1 was poor.  Recharge in wells TW-2 and TW-3 was moderate. 

Subsequent to purging and adequate recharge, the ground water within each well was sampled 

with a disposable polyethylene bailer.  Ground water samples collected from the wells were 

contained in dedicated laboratory-grade sample containers provided by Prism.  Field geochemical 

parameters could not be obtained during sampling due to an inoperable meter. 

Ground water samples collected from the three on-site monitoring wells were submitted to Prism 

for chemical analysis by EPA Method 8260B and RCRA Metals by SM6010B (arsenic, barium, 

cadmium, total chromium, lead, selenium and silver), as well as mercury by EPA Method 7471A. 

 Samples collected from well TW-1 were also analyzed by EPA Method 8270C (plus TICs), and 

the Massachusetts Department of Environmental Protection (MADEP) Volatile Petroleum 

Hydrocarbon (VPH) and Extractable Petroleum Hydrocarbon (EPH) methods.  Samples collected 

from well TW-3 were also analyzed by EPA Method 8270C for PAHs.     

A duplicate ground water sample “Duplicate 1” was obtained from well TW-1, and submitted for 

analysis by EPA Methods 8260B, 8270C (plus TICs), RCRA Metals (EPA-6010B & EPA-
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7471A), and the MADEP-VPH and EPH methods.  An additional duplicate ground water sample 

“Duplicate 2” was obtained from well TW-3, and submitted for analysis by EPA Method 8270C 

(PAHs). 

A matrix spike/matrix spike duplicate sample (MS/MSD) was obtained from well TW-2 and 

submitted for analysis by EPA Methods 8260B and 8270C (plus TICs),  as well as RCRA metals 

by EPA Method 6010B and EPA Method 7471A.  A trip blank was provided by Prism for 

shipment with the ground water samples to the laboratory.  This sample was analyzed by EPA 

Method 8260B.  A summary of the ground water samples collected at the site and the requested 

chemical analyses is provided on Table 1.   

Prism conducted chemical analyses on the ground water samples in accordance with the chain-

of-custody record completed for the samples.  Chain-of-custody records included the sample 

description, date and time collected, matrix, sample container information, and requested 

analyses.  The chain-of-custody records were signed by H&H sampling personnel and placed 

with the samples into iced coolers for delivery to the analytical laboratory.  Ground water 

samples were relinquished to Prism’s courier service for delivery to the laboratory on April 17, 

2007.  Analytical results for ground water samples are summarized on Table 4. 

The locations and elevations of the three monitoring wells, thirteen soil borings, and 10 

geophysical anomalies were surveyed by Joyner-Keeney Associates, a Historically Under-utilized 

Business (HUB) Zone-certified land surveying firm located in Rocky Mount, North Carolina in 

April 2007.  The surveyed location coordinates (northings and eastings) of the boring and 

monitoring well locations and the elevations of the top of the well casings are provided in 

Appendix C. 
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2.5  Exploratory Excavation Activities 

A remote survey of subsurface utilities and potential buried metal objects using the EM61 was 

performed by GEL Geophysics at the site on April 11, 2007.  The intent of the EM61 survey was 

to identify the location(s) of potential contaminant sources, such as USTs and other buried metal 

objects by mapping geophysical anomalies in the subsurface. 

The EM61 survey identified the presence of numerous geophysical anomalies.  Of those detected, 

10 were considered large enough to represent the potential presence of buried USTs or other 

potential contaminant sources.  In discussions with the City of Rocky Mount and the US EPA 

Region 4 Brownfields Project Manager, EPA requested that H&H conduct exploratory 

excavation of these areas to determine the nature of the geophysical anomalies, and evaluate 

whether additional remedial actions or a modification to the remedial design would be necessary 

to address the source(s) of the anomalies.   

Pursuant to EPA’s request, H&H oversaw the exploratory excavation of these anomalies on May 

8, 2007.  Excavation activities were conducted with a trackhoe operated by Soil Solutions, Inc. 

(SSI) of Winston Salem, NC.  At the location of each anomaly, the upper one to two feet of soil 

were removed with the trackhoe bucket exposing the underlying soils and source of the anomaly. 

 Each location was ultimately excavated to a minimum depth of 5 ft bgs.  USTs were not found at 

the site and the excavations were backfilled with the excavated material. The results of the 

exploratory excavation activities are provided in Section 3.6. 
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3.0  Results of the Remedial Design Investigation 

3.1  Data Review, Verification and Validation 

In accordance with the approved site QAPP (H&H, January 5, 2007), the field and laboratory 

analytical data were reviewed, verified, and validated to ensure that the quality and validity of the 

data were acceptable for the stated data quality objectives.  Based on the results of the data 

review, verification and validation process as discussed in Appendix D of this report, the 

laboratory data derived from the remedial design investigation meet project-specific QA 

objectives and are considered useable for their intended purpose by the laboratory and H&H.   

3.2  Site Lithology 

The site lithology described herein is based on characterization of continuous soil cores collected 

with the DPT rig.  The total depths of the soil borings ranged from 4 ft to 20 ft bgs across the 

site.   

Soils at the site consist of interbedded silty sands, sandy clays, and clayey sands of varying color 

and grain size to the depths investigated.  Screened intervals in the monitoring wells are noted as 

fine to medium silty sands, clayey sands and sandy clays.  An approximately six-inch to one-foot 

thick coarse sand layer is noted at a depth of 8.0 to 8.5 feet bgs and 11.5 to 12.5 feet bgs in wells 

TW-1 and TW-2, respectively.  Fine sand to silty sand was observed in the well bore for TW-3 at 

depths from 8.5 to 16 feet bgs, the total depth of the well.  Soils in the shallow borings (SB-4 

through SB-16) are generally characterized as about 0.5 feet of fine silty sand over sandy clay or 

clayey sand.  Boring logs are provided in Appendix B.  
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3.3  Soil Analytical Results  

In accordance with the provisions and stated objectives of the QAPP, two soil samples were 

retained for chemical analysis from each boring at depths of 0 - 1 ft bgs and 1 – 3 ft bgs.  An 

additional soil sample was collected from TW-1 at a depth of 6 – 8 ft bgs to evaluate residual 

contamination from the heating oil UST that was reportedly previously removed from the subject 

site. 

The results of analytical data associated with the soil samples collected during the RDI are 

summarized in Table 2, depicted graphically on Figure 5 (metals) and Figure 6 (VOCs & 

SVOCs), and are discussed below.  The laboratory analytical data reports associated with these 

samples are provided in Appendix D.  

3.3.1 Regulatory Screening Levels 

The site is planned to be redeveloped as a mixed use site with a blend of commercial and 

residential uses, although the final site design has not been completed.  Based on future mixed 

use, the soil analytical data were compared to both unrestricted use standards in North Carolina 

and industrial NC and Federal standards as discussed below.    

NCDENR limits site use to non-residential and non-sensitive population uses in the event that 

soil constituents (except for PAH compounds) exceed the more stringent of either residential 

Maximum Soil Contaminant Concentrations (MSCCs) or NC Soil to Ground Water MSCCs, 

whichever are lower (NC DENR, UST Section, July 1, 2007 and July 1, 2007a).  Generally, 

between these two sets of regulatory criteria, the Soil to Ground Water MSCCs are lower.  

Therefore, H&H has used the Soil to Ground Water MSCCs for the primary comparison of site 

data to an unrestricted use standard.  The most stringent regulatory screening levels for PAH 
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compounds are the NCDENR Inactive Hazardous Waste Branch, Health-Based Site Remediation 

Goals (SRGs) presented in the August 2007 update (http://www.wastenotnc.org/soiltable.pdf). 

For parameters detected in site soil that do not have specified NC Soil to Ground Water MSCCs, 

the results were compared to the EPA Region 9 Residential Preliminary Remedial Goals (PRGs) 

(EPA, Region 9, October 2004).  These include the metals arsenic, cadmium, selenium, and 

mercury. 

Less stringent regulatory screening levels based on industrial or commercial use would apply in 

those areas of the site where future land use is restricted to non-residential uses.  In this case, it

would be appropriate to compare the site data to the NC Industrial MSCCs (NC DENR, UST 

Section, July 1, 2007 and July 1, 2007a), the NC DENR Inactive Hazardous Sites Health-Based 

Soil Remediation Goals (SRGs) for non-PAH compounds (August 2007), or EPA Region 9 

Industrial PRGs.  

Generally, the NCDENR SRGs are the same or significantly lower than the Industrial MSCCs.  

Therefore, if a concentration value is less than the SRG, it would also be less than its respective 

Industrial MSCC.  For this reason, the SRGs are provided as the primary regulatory screening 

level for areas of the site where future site redevelopment is limited to industrial or commercial 

use.  NCDENR SRGs for the carcinogenic PAH compounds (cPAHs) benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, dibenzo(a,h)anthracene, 

and indeno(1,2,3-cd)pyrene were also recently lowered effective August 2007.  For cPAH 

compounds, several SRGs are lower than their respective EPA Region 9 Industrial PRGs 

(October 2004), which are also provided for comparison purposes during redevelopment 

planning. 
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Metals concentrations in soil samples are also compared to reported background values for North 

Carolina soils (NC DENR, August 2006). Analytical soil data are compared with analyte-specific 

regulatory screening criteria and NC background metals concentrations in Table 2.   

3.3.2  Analytical Results 

VOCs – EPA Method 8260B

Analytical results for EPA Method 8260B performed on soil samples suggests the presence of 

generally low concentrations of one or more targeted VOCs in four of the 26 samples submitted 

for analysis by this method.   

Tetrachloroethene was reported in one soil sample, SB-13 (1-3 ft), at a concentration of 0.01 

mg/kg, which is just over the reporting limit of 0.009 mg/kg.  This level exceeds the NCDENR 

Soil to Groundwater MSCC, but does not exceed other applicable regulatory screening criteria.   

Acetone was reported in three samples TW-2 (0-1 ft), TW-3 (0-1 ft) and SB-7 (0-1 ft) ranging 

from an estimated concentration of 0.017 mg/kg to 0.56 mg/kg.  Acetone is known to be 

generated when certain soils interact with sodium bisulfate, which is utilized for sample 

preservation with this analytical method (STL Savannah Laboratories, March 7, 2000).  For this 

reason, the presence of acetone is believed to be an artifact of sample preservation and it is not 

discussed further in this report.   

SVOCs/PAHs – EPA Method 8270C

SVOCs or PAH compounds, including carcinogenic PAHs (cPAHS), by EPA Method 8270C 

were reported at elevated concentrations in shallow soil samples collected in the northern area of 

the site from soil borings SB-15 (0-1 ft), SB-16 (0-1 ft) and TW-3 (0-1 ft).  PAHs were not 

detected in the deeper soil sample from boring SB-15 at a depth of 1–3 ft bgs.  Samples from SB-

16 and TW-3 at a depth interval of 1–3 ft were not submitted for PAH analyses.   
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Concentrations of several PAHs, including cPAHs, reported in these samples exceeded one or 

more of the regulatory screening levels for soil at the site.   To further evaluate the need for 

remediation of soil in this area, H&H analyzed the cPAH data using the Toxic Equivalency 

Factors (TEFs) methodology.    

The TEF methodology is based on a U.S EPA interim procedure (EPA, 1989) for assessing risk 

from complex mixtures of carcinogenic compounds, such as cPAHs.  A TEF is an estimate of the 

relative toxicity of a chemical compound to a reference chemical.  In the case of cPAHs, the 

reference chemical is benzo(a)pyrene because its toxicity is well characterized.  For example, a 

toxic equivalence factor of 0.1 for benzo(a)anthracene indicates that this compound is 

approximately 1/10 as toxic as benzo(a)pyrene. 

Using TEFs provided by the NCDENR Inactive Hazardous Waste Branch, Toxic Equivalent 

Factor Tables for the Calculation of Soil Remedial Goals (NC DENR, August 2007), the 

concentrations of individual cPAHs detected in soil samples from borings SB-15 and SB-16  

were converted to an equivalent toxicity soil concentration using benzo(a)pyrene as the standard. 

The resulting toxicity equivalent soil concentration for the soil sample as a whole was calculated 

by summing the toxicity equivalent concentrations for each individual compound. The result is 

compared with EPA Region 9 Residential and Industrial PRGs and NCDENR SRGs (Table 5).  

The resulting toxicity equivalent soil concentration for both soil samples exceeds the 

NCDENR SRG for benzo(a)pyrene. 

In addition to identified compounds, four tentatively identified compounds (TICs) believed to be 

associated with PAHs were reported for soil sample SB-15 at 0-1 ft bgs.  SVOC/PAH analyses 

were not conducted on samples from the southern portion of the site (with the exception of soil 

samples from TW-1) because results from previous investigations did not indicate the presence 

of these compounds. 
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Metals – EPA 6010B & EPA 7471A

Analytical results for metals in soil samples analyzed during the RD investigation indicate the 

presence of arsenic, barium, total chromium and lead in each sample submitted for testing by SM 

6010B.   

The metals arsenic, barium, cadmium, and total chromium reported in soil samples analyzed 

during the RDI were generally within reported metals background ranges in NC soil (NC DENR, 

August 2006).  However, concentrations of lead in TW- 1 (0-1 ft) and mercury in SB-10 (0-1 ft) 

exceeded their reported ranges in background concentrations in NC soil.   

Barium, cadmium, lead and mercury concentrations in site soils do not exceed applicable 

screening regulatory criteria.  Arsenic concentrations reported in all soil samples exceed the most 

stringent arsenic standard of 0.39 mg/kg.  Arsenic concentrations in two samples (TW-1, 0-1 ft 

and SB-9, 1-3 ft) exceed the NC SRG of 4.4 mg/kg.  Total chromium concentrations in three 

samples (TW-1 0-1 ft, SB-7 1-3 ft, and SB-9 1-3 ft) exceed the chromium NC Soil to Ground 

Water MSCC of 27 mg/kg, but do not exceed other regulatory screening criteria.  The one 

detection of silver reported in TW-2 (1-3 ft) exceeds only the silver NC MSCC of 0.23 mg/kg 

and does not exceed other regulatory screening criteria.   

H&H performed a statistical analysis of metals data in soil, including data collected from 

previous site investigations.  This analysis is presented in Appendix E.  The combined dataset 

including the results from the previous investigations and the remedial design investigation 

represents 59 data points collected principally from the upper three feet of soil across the 2.7 acre 

site.   

The results of this analysis indicate that statistical averages and median concentrations of lead, 

mercury, arsenic and total chromium in the combined dataset do not exceed NC SRG or MSCC 

screening criteria.  The average and median concentration of the combined arsenic dataset 
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exceeds the more stringent residential and industrial EPA Region 9 PRGs, but are still within the 

reported background concentrations for arsenic in NC soil.   

Metal concentrations that exceed NC SRGs or MSCCs are limited to only two detections of 

arsenic and three of chromium, which represent 3.3% and 5.1%, respectively, of the sample 

population and are considered to be outlier concentrations.  These data suggest that elevated 

metals are not an environmental concern at the subject site and that remediation of the site 

does not need to address metals in soil. 

Organophosphate Compounds (EPA-8141)

Soil samples collected from TW-1 (0-1 ft), TW-2 (0-1 ft) and TW-3 (0-1 ft) were also analyzed 

by EPA Method 8141 targeting organophosphate compounds (OPC) such as Dichlorvos that 

were typically used in tobacco warehouses.  Analytical results for these soil samples did not 

indicate the presence of OPC at concentrations in excess of the method reporting limit.   

3.4  Ground Water Analytical Results 

The results of the ground water analyses are summarized in Table 4.  Concentrations of selected 

VOCs and metals in ground water are depicted graphically on Figure 7.  Laboratory data reports 

are provided in Appendix D.  Free product was not observed in the ground water monitoring 

wells during the monitoring event on April 17, 2007.   

3.4.1  Regulatory Screening Levels 

Ground water analytical results were compared to North Carolina 2L Standards (NC 2L), North 

Carolina Gross Contaminant Levels (GCLs), and EPA Maximum Contaminant Levels (MCLs) 

(Table 4).  The 2L and MCL values are generally based on minimizing risk associated with direct 
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ingestion of ground water.   Ground water analytical results for metals were also compared to 

reported NC background concentrations (NC DENR, August 2006).   

Ground water at the subject site and in the site vicinity is not used for water supply.  Current 

redevelopment plans for the site will rely upon the existing municipal infrastructure for water 

supply to future buildings at the site.  Therefore, these screening levels are conservative for this 

site.  Data for the ground water samples obtained as a part of this RDI are discussed more 

thoroughly below. 

3.4.2  Analytical Results 

VOCs  -  EPA  8260B

Analytical data for ground water samples analyzed by EPA 8260B indicate the presence of cis-

1,2-dichloroethene  at 3.9 micrograms per liter (ug/L), tetrachloroethene (PCE) at 18 ug/L and 

trichloroethene (TCE) at 12 ug/L in the ground water sample obtained from well TW-3.  

Concentrations of PCE and TCE were reported in excess of their respective NC 2L Ground 

Water Standards and Federal MCLs, but were not reported in excess of their respective 

GCLs.  

Aromatic and Aliphatic Petroleum Hydrocarbons - MADEP-VPH

A ground water sample from TW-1 was submitted for analysis by the MADEP-VPH method, 

targeting aromatic and aliphatic petroleum hydrocarbons.  Results of the analysis did not 

indicate the presence of targeted compounds in the sample at concentrations in excess of 

the method reporting limit of 50 ug/L. 

Aromatic and Aliphatic Petroleum Hydrocarbons - MADEP-EPH

A ground water sample from TW-1 was submitted for analysis by the MADEP-EPH method, 

targeting aromatic and aliphatic petroleum hydrocarbons.  Results of the analysis did not 
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indicate the presence of targeted compounds in the sample at levels in excess of the method 

reporting limit of 170 ug/L. 

SVOCs/PAHs – EPA Method 8270C

Analytical data for EPA Method 8270C analysis did not indicate the presence of targeted 

SVOCs/PAHs in ground water samples submitted for analysis at concentrations above the 

reporting limit for EPA Method 8270C.   

Metals – SM 6010B & EPA 7471

NC 2L and/or Federal MCLs and background concentrations of metals were exceeded in one or 

more on-site wells. However, metals concentrations in ground water were far below their 

respective NC GCLs. 

Analytical data for metals analysis of ground water samples collected from the on-site wells 

indicated the presence of arsenic, barium, total chromium, lead, and selenium in one or more 

samples submitted for testing by SM 6010B.  Of these metals, only arsenic, total chromium, and 

lead exceeded regulatory screening criteria as specified below.  Barium concentrations exceeded 

the reported background maximum concentration of 180 ug/L, but did not exceed regulatory 

screening criteria. 

Arsenic 

Arsenic was reported only in the ground water sample collected from TW-2 at a concentration of 

76 ug/L, in excess of the NC 2L Standard of 10 ug/L and the Federal MCL of 50 ug/L.  This 

concentration also exceeds the reported background concentration of 10 ug/L in NC ground 

water. 
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Total Chromium 

Total chromium was detected in ground water samples TW-1 at 32 ug/L and TW-2 at 390 ug/L.  

All concentrations exceed the reported background concentration for total chromium of 25 ug/L. 

 However, only the concentration of chromium reported in TW-2 is in excess of regulatory 

screening criteria, including both the NC 2L Standard of 50 ug/L and the  Federal MCL of 100 

ug/L.   

Lead 

Lead was reported in ground water samples obtained from TW-1 at 11 ug/L and TW-2 at 260 

ug/L.  Concentrations of lead detected in TW-2 exceed both the NC 2L Ground Water and 

Federal MCL standards of 15 ug/L.  The concentrations in both TW-1 and TW-2 exceed the 

reported NC background concentrations of less than 10 ug/L.  

Analytical results did not indicate the presence of cadmium or silver at concentrations in excess 

of the reporting limits for these metals.  Data for EPA Method 7471A indicated the presence of 

mercury only in the sample collected from monitoring well TW-2 at just above the reporting 

limit, which is below regulatory screening criteria.   

In accordance with  NC protocol, ground water samples were not filtered in the field.  Therefore, 

metals concentrations in these ground water samples include a contribution from colloidal 

particles suspended in the samples in addition to that dissolved in the ground water samples.   
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3.5  Ground Water Elevation Data 

Depth-to-ground water measurements from on-site wells were obtained on April 17, 2007.  These 

data are presented in Table 3.  Depth-to-ground water measured on this date ranged from 6.04 ft 

below top of casing (btoc) in TW-2 to 11.66 ft btoc in TW-1.   

A ground water elevation contour map generated from the water level data collected on April 17, 

2007 is provided on Figure 8.  Ground water elevations depicted on this figure are based on 

surveyed elevations of the top of the well casing performed by Joyner Keeney & Associates of 

Rocky Mount, NC in April 2007.   

Ground water elevations on April 17, 2007 were 93.28 ft above mean sea level (amsl) in well 

TW-1, 96.50 ft amsl in well TW-2 and 92.99 ft amsl in well TW-3.  Surface modeling and 

contouring of these groundwater elevations infer a horizontal gradient of about 0.02 feet per foot 

to the northwest across the site. 

3.6  Exploratory Excavation Results 

Locations of the geophysical anomalies detected by the EM61 survey are shown on Figure 9.  

Excavation activities performed at the site on May 8, 2007 allowed the direct observation of the 

source of the geophysical anomalies detected by the EM61.   

USTs were not encountered at any of the 10 locations exposed during this scope of work.  Rather 

the sources of the anomalies were related to the presence of debris such as metal signs and 

roofing panels, and other subsurface structures, such as abandoned piping, footings or concrete 

pads associated with former buildings at the site.  Each excavation was backfilled with the 

materials removed during the investigation.   
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A discussion of the source of each geophysical anomaly is presented in Appendix F. 

3.7  Screening for Vapor Intrusion Risk 

To evaluate whether vapor intrusion issues may be relevant to the design and construction of 

future on-site buildings, H&H performed a preliminary screening of the measured VOC 

contaminants in site ground water against the screening levels provided in EPA’s OSWER Draft 

Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and 

Soils (Subsurface Vapor Intrusion Guidance) dated November 2002, EPA530-D-02-004.  EPA 

guidance provides a means to compare site data to target ground water concentrations at various 

cancer risk levels (1 x 10
-4

, 1 x 10
-5

 and 1 x 10
-6

) by applying site-specific vapor attenuation 

factors (AF) that are based on soil type and distance between the depth of a building foundation 

(or anticipated depth) and the ground water surface.   

VOCs were detected in site ground water in the sample collected from well TW-3 in the northern 

portion of the site only.  The VOCs detected in this well are PCE, TCE, and cis-1,2-DCE at 18 

ug/L, 12 ug/L and 3.9 ug/L, respectively.  For the purposes of this preliminary assessment, in 

accordance with the draft guidance, H&H compared the concentrations of VOCs detected in 

ground water collected from monitoring well TW-3 to EPA’s draft target ground water 

concentrations representing a risk level of 1 x 10
-4

, 1 x 10
-5

, and 1 x 10
-6

 (Table 6). 

A vapor attenuation factor (AF) of 2 x 10
-4

 was determined to be appropriate based on site-

specific soil type and depth to ground water data.  The AF was used to select the appropriate risk-

based screening level reference tables.  The vapor AF was obtained by extracting the value from 

the chart in Figure 3b provided in the draft EPA guidance.  It is based on an approximate depth 

from the base of the building foundation to ground water of eight feet or approximately 2.5 

meters, and a characterization of site soils as sandy loam soils.   

Using these parameters, a comparison of the VOCs detected in site ground water and the risk-

based ground water screening levels indicates that the concentration of PCE in ground water 
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exceeds the screening levels at target risk levels of 1 x 10
-6

, and that TCE in ground water 

exceeds the screening levels at target risk levels of 1 x 10
-5

 and 1 x 10
-6

.   

These ground water VOCs may contribute to the risk of vapor intrusion in future buildings 

constructed on this site, depending on the type of structure and construction methods used.  

Further evaluation of the potential risk and appropriate engineering controls that could be used 

during construction activities would be appropriate during redevelopment planning. 

3.8  Brownfields Area Reconnaissance and Receptor Guidance 

The Tobacco Warehouse site has been approved for the NC Brownfields Program.  In accordance 

with their requirements, a NC Brownfields Area Reconnaissance and Receptor Guidance form 

has been completed for this report, which is included as Appendix G. Available information 

indicates the following with regard to potential receptors at the site and in the site vicinity: 

• Multiple subsurface utilities run adjacent to site property boundaries. 

• There are no surface water bodies located at the site, although a former ditch noted on an 

historic Sanborn map at the southeastern corner of the adjacent Douglas Block property was 

routed through a subsurface conduit under Atlantic Avenue about 500 feet southeast of the 

site, and daylights on the eastern side of Atlantic Avenue, flowing to the northeast.   

• The ground water at the site is moderately shallow, with water encountered generally 

within six to eleven feet of the ground surface across the site. 

• Ground water in the site vicinity is not used for public water supply; local water supply is 

provided by the City of Rocky Mount from the nearby Tar River. 

• There is one former known industrial water supply well located 200 feet northeast of the 

northern site boundary at the Stretchline facility situated at the intersection of Goldleaf 



29 

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

Street and Atlantic Avenue.  According to Stretchline personnel (personal communication, 

May 25, 2007), the facility has been on city water since at least 1985 or 1986 when 

Stretchline first occupied the site.  The water supply well is no longer used and Stretchline 

did not have any information pertaining to its construction.  Edgecombe County (May 24, 

2007) also had no knowledge of this well. 

Based on this information, there is no direct exposure to ground water and surface water 

bodies at the site.  Other ecological receptors are not present at the subject site.  
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4.0  Key Findings and Recommendations 

Key findings of the Brownfield RD Investigation activities at the subject site are summarized 

below. 

• An area in the northern portion of the site that was not previously investigated 

contains PAHs, including carcinogenic PAHs, in excess of NC regulatory screening 

criteria in shallow soil.   

• Previous concerns about elevated metals in soil at the subject site were not confirmed 

by additional metals data collected from the upper three feet of soil across the site.  

Statistical analysis of the combined dataset of RD investigation data and data 

collected during previous site investigations indicates that most data points do not 

exceed regulatory screening criteria and are within NC background concentrations of 

metals in soil. 

• Chlorinated solvent contamination (PCE, TCE, and cis-1,2-DCE) in shallow ground 

water is limited to the northern portion of the site.  These solvents are detected only in 

well TW-3 in excess of NC 2L ground water standards, but at low concentrations. 

• A preliminary evaluation of vapor intrusion risk for future buildings constructed 

during redevelopment indicates that concentrations of PCE and TCE in ground water 

in the area around well TW-3 are sufficiently elevated to pose a potential vapor 

intrusion risk to future site buildings.  Additional modeling of this risk is warranted.  

• Analytical data indicate that VOCs are generally not an environmental concern in site 

soil.  Only one sample (SB-13, 1-3 ft) had a concentration of PCE in excess of the 

most stringent regulatory screening criteria, but this sample result was just at the 

laboratory reporting limit. 
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• Organophosphate compounds were not reported above reporting limits for soil 

samples collected from the wells TW-1, TW-2, and TW-3. 

• SVOCs/PAHs were not reported in site ground water. 

• Metals concentrations in ground water were detected in excess of NC 2L ground 

water standards or Federal MCLs with respect to arsenic, total chromium and lead in 

wells TW-2 and the duplicate from TW-1   These constituents also exceed reported 

background concentrations in NC ground water (NC DENR, August 2006).  

However, these results are considered to be due to the unfiltered nature of the water 

samples. 

Recommendations

Based on the RD Investigation findings, cleanup activities for redevelopment at the subject site 

should include the following: 

• Removal of shallow subsurface debris, concrete pads, and old brick structures from the 

site. 

• Excavation of shallow soil in the northern portion of the property to remove soils 

containing carcinogenic PAHs in excess of applicable regulatory criteria. 

• Mitigation measures with respect to potential vapor intrusion issues, particularly in the 

northern area of the site. 

• The Site Brownfield Agreement should include requirements and institutional controls 

such as capping of soils that may contain isolated areas of elevated metals and 

incorporating restrictions on site ground water use. 



32 

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

5.0  References 

City of Rocky Mount, NC Geographic Information System, www.rockymountnc.gov/gis. 

Ed Aguirre & Associates, Inc., February, 2004, Phase I Environmental Site Assessment, Douglas 

Block, Rocky Mount, NC 

Ed Aguirre & Associates, Inc., March, 2004, Limited Phase II Environmental Site Assessment, 

221-223, 287 NE Main St., Rocky Mount, NC 

Ed Aguirre & Associates, Inc., March, 2004, Phase II ESA-Amendment 1, 221-223, 287 NE Main 

St., Rocky Mount, NC 

Ed Aguirre & Associates, Inc., August, 2004, Phase II ESA-Amendment 2, 221-223, 287 NE 

Main St., Rocky Mount, NC 

Edgecombe County, NC Web Based Map Server and Property Tax Web Access, 

www.edgecombecountync.gov. 

Hart & Hickman, PC, January 5, 2007, Quality Assurance Project Plan, Brownfield Assessment, 

Former Tobacco Warehouse Property, Rocky Mount, NC 

North Carolina Administrative Code, Title 15A, Department of Environment and Natural 

Resource, Division of Water Quality, Subchapter 2L, Classifications and Water Quality 

Standards Applicable to The Groundwaters of North Carolina,  February 1, 2006. 

North Carolina Department of Environmental and Natural Resources, Division of Water Quality, 

Gross Contamination Levels for Ground Water, February 1, 2006. 

North Carolina Department of Environment and Natural Resources, August 31, 2006, Data 

Table, Background Metals in NC Soil and Groundwater.

North Carolina Department of Environment and Natural Resources, Inactive Hazardous Sites 

Branch, Health-Based Soil Remediation Goals, August 2006. 

North Carolina Department of Environment and Natural Resources, Division of Waste 

Management, Underground Storage Tank Section, Guidelines for Site Checks, Tank Closure, and 

Initial Response and Abatement, July 1, 2007. 



33 

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Report CRM002.doc Hart & Hickman, PC 

North Carolina Department of Environment and Natural Resources, Division of Waste 

Management, Underground Storage Tank Section, July 1, 2007a, UST Section Guidelines for the 

Investigation and Remediation of Contamination from Non-UST Petroleum Releases. 

STL Savannah Laboratories, Internal Memorandum, Acetone Appearance in Soils, March 7, 

2000. 

US Environmental Protection Agency, Region 9, Preliminary Remediation Goals, October 2004. 

US Environmental Protection Agency, National Primary Drinking Water Regulations, Maximum 

Contaminant Levels, November, 2006. 

US Environmental Protection Agency, Statistical Policy Branch (PM-223), Office of Policy, 

Planning and Evaluation, Methods for Evaluating the Attainment of Cleanup Standards, Volume 

1: Soils and Solid Media, April 1997 

U.S. Environmental Protection Agency. (1989) Interim procedures for estimating risks 

associated with exposures to mixtures of chlorinated dibenzo-p-dioxins and -dibenzofurans 

(CDDs and CDFs) and 1989 update. U.S. Environmental Protection Agency, Risk Assessment 

Forum, Washington, DC; EPA/625/3-89/016. 



VOCs SVOCs RCRA Metals PAHs
Extractable Petroleum 

Hydrocarbons

Volatile Petroleum 

Hydrocarbons

Organophosphate 

Compounds

EPA-8260B EPA-8270C SM 6010B / 7471A EPA-8270C MADEP-EPH MADEP-VPH EPA-8141

Soil Samples:

TW-1  0-1' Former Heating Oil UST Level II 0 0 1 0 0 0 1

TW-1  1-3' Former Heating Oil UST Level II 0 1 1 0 0 0 0

TW-1  6-8' Former Heating Oil UST Level II 1 1 1 0 0 0 0

TW-2  0-1' Former PCE Detection at P-3 Level II 1 0 1 0 0 0 1

TW-2  1-3' Former PCE Detection at P-3 Level II 1 0 1 0 0 0 0

TW-3  0-1' Former Coal Storage Area Level II 1 0 1 1 0 0 1

TW-3  1-3' Former Coal Storage Area Level II 1 0 1 0 0 0 0

SB-4  0-1' Unsaturated Soil VOCs and Metals Level II 0 0 1 0 0 0 0

SB-4  1-3' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-5  0-1' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-5  1-3' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-6  0-1' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-6  1-3' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-7  0-1' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-7  1-3' Unsaturated Soil VOCs and Metals Level II 1 0 1 0 0 0 0

SB-8  0-1' Unsaturated Soil VOCs and Metals-Fill Area Level II 0 0 1 0 0 0 0

SB-8  1-3' Unsaturated Soil VOCs and Metals-Fill Area Level II 1 0 1 0 0 0 0

SB-9  0-1' Unsaturated Soil VOCs and Metals-Fill Area Level II 0 0 1 0 0 0 0

SB-9  1-3' Unsaturated Soil VOCs and Metals-Fill Area Level II 1 0 1 0 0 0 0

SB-10  0-1' Unsaturated Soil VOCs and Metals-Fill Area Level II 0 0 1 0 0 0 0

SB-10  1-3' Unsaturated Soil VOCs and Metals-Fill Area Level II 1 0 1 0 0 0 0

SB-11  0-1' Unsaturated Soil VOCs and Metals-Fill Area Level II 0 0 1 0 0 0 0

SB-11  1-3' Unsaturated Soil VOCs and Metals-Fill Area Level II 1 0 1 0 0 0 0

SB-12  0-1' Unsaturated Soil VOCs, Metals & PAHs-Fill Area Level II 0 0 1 1 0 0 0

SB-12  1-3' Unsaturated Soil VOCs, Metals & PAHs-Fill Area Level II 1 0 1 0 0 0 0

SB-13  0-1' Unsaturated Soil, Elevated PCE Area - VOCs & Metals Level II 1 0 1 0 0 0 0

SB-13  1-3' Unsaturated Soil, Elevated PCE Area - VOCs & Metals Level II 1 0 1 0 0 0 0

SB-14  0-1' Former Oil Storage Area, Unsaturated Soil VOCs, SVOCs & Metals Level II 1 1 1 0 0 0 0

SB-14  1-3' Former Oil Storage Area, Unsaturated Soil VOCs, SVOCs & Metals Level II 1 1 1 0 0 0 0

SB-15  0-1' Former Oil Storage Area, Unsaturated Soil VOCs, SVOCs & Metals Level II 1 1 1 0 0 0 0

SB-15  1-3' Former Oil Storage Area, Unsaturated Soil VOCs, SVOCs & Metals Level II 1 1 1 0 0 0 0

SB-16  0-1' Unsaturated Soil VOCs, PAHs & Metals Level II 1 0 1 1 0 0 0

SB-16  1-3' Unsaturated Soil VOCs, PAHs & Metals Level II 1 0 1 0 0 0 0

Duplicate 1 Data Quality Control Level II 1 0 1 0 0 0 0

Duplicate 2 Data Quality Control Level II 0 1 0 1 0 0 0

Duplicate 3 Data Quality Control Level II 0 0 0 0 0 0 1

MS/MSD Data Quality Control Level II 1 1 1 1 0 0 1

TOTALS: 27 8 35 5 0 0 5

VOCs SVOCs RCRA Metals PAHs
Extractable Petroleum 

Hydrocarbons

Volatile Petroleum 

Hydrocarbons

Organophosphorous 

Compounds

EPA-8260B EPA-8270C SM 6010B / 7471A EPA-8270C MADEP-EPH MADEP-VPH EPA-8141

TW-1 Former Heating Oil UST Level II  1 1 1 0 1 1 0

TW-2 Former PCE Detection at P-3 Level II  1 0 1 0 0 0 0

TW-3 Former Coal Storage Area Level II  1 0 1 1 0 0 0

Duplicate 1 Data Quality Control Level II  1 1 1 0 1 1 0

Duplicate 2 Data Quality Control Level II  0 0 0 1 0 0 0

Trip Blank Data Quality Control Level II  1 0 0 0 0 0 0

MS/MSD Data Quality Control Level II  1 1 1 0 0 0 0

6 3 5 2 2 2 0

Sample Objective

TOTALS:

H&H Job No. CRM-002

Table 1

Rocky Mount, North Carolina

Former Tobacco Warehouse

Brownfield Cleanup Grant - Remedial Design Investigation

Sample Summary

Boring Location & 

Depth Interval
Sample Objective

Lab 

Documentation

ANALYSES

ANALYSES

Lab 

Documentation

Notes:

Groundwater 

Samples:

VOCs = Volatile Organic Compounds; SVOCs = Semi-volatile Organic Compounds; PAHs = Polynuclear Aromatic Hydrocarbons

MADEP VPH & EPH - Massachusetts Department of Environmental Protection Volatile Petroleum Hydrocarbons and Extractable Petroleum Hydrocarbons

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\RDI Tables Tobacco Whse

November 8, 2007

Table 1

Hart Hickman, PC



Boring Location

Sample ID TW-1 TW-1 TW-1 TW-2 TW-2 TW-2 Duplicate 1 TW-3 TW-3 Duplicate 3 TW-3 SB-4 SB-4 SB-5 SB-5

Sample Depth (ft) 0-1 1-3 6-8 0-1 1-3 1-3 0-1 0-1 1-3 0-1 1-3 0-1 1-3

Lithology Silt Sand Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Silty Sand Silty Sand Sandy Clay Silty Sand Sandy Clay Silty Sand Sandy Clay

Date Collected 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007

Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Laboratory Parameters

EPA-8260B

Acetone N/A N/A <0.018 0.56 E <0.017 <0.018 0.059 N/A <0.025 N/A <0.019 <0.016 <0.017 2.8 2,800 54,000 -----

Tetrachloroethene N/A N/A <0.0091 <0.0081 <0.0083 <0.009 <0.008 N/A <0.012 N/A <0.0097 <0.0079 <0.0087 0.0074 0.48 1.3 -----

EPA-8270C

Anthracene N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 1,000 4,400 100,000 -----

Benzo(a)anthracene ( c ) 
6 N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 0.34 0.022 2.1 -----

Benzo(a) pyrene ( c ) N/A <0.4 <0.38 N/A N/A N/A 0.39 N/A N/A N/A N/A N/A N/A 0.091 0.022 0.21 -----

Benzo(b)fluoranthene ( c ) N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 1.2 0.22 2.1 -----

Benzo(g,h,i)perylene N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 6,700 NS NS -----

Benzo(k)fluoranthene ( c ) N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 12 2.2 21 -----

Chrysene ( c ) N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 38 22 210 -----

Dibenzo(a,h)anthracene  ( c ) N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 0.17 0.022 0.21 -----

Fluoranthene N/A <0.4 <0.38 N/A N/A N/A 0.43 N/A N/A N/A N/A N/A N/A 280 460 22,000 -----

Indeno(1,2,3-cd)pyrene ( c ) N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 3.3 0.22 2.1 -----

Phenanthrene N/A <0.4 <0.38 N/A N/A N/A <0.38 N/A N/A N/A N/A N/A N/A 60 NS NS -----

Pyrene N/A <0.4 <0.38 N/A N/A N/A 0.39 N/A N/A N/A N/A N/A N/A 290 460 29,000 -----

EPA-8270C (TICs)

Benzo(j) fluoranthene N/A ND ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Anthracene, 2-methyl N/A ND ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Anthracene, 1-methyl N/A ND ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

9,10-Anthracenedione N/A ND ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Cyclic Octaatomic sulfur N/A ND ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

SM-6010B

Arsenic 4.7 3.4 0.65 3 2.6 2.1 2.8 N/A 3.5 2.2 3.2 1.0 1.2 NS/0.39
4

4.4 1.6 1.6-180

Barium 44 31 15 39 21 19 61 N/A 28 33 20 22 16 848 NS 67,000 4.1-420

Cadmium 0.62 0.42 <0.29 0.35 <0.27 <0.3 0.31 N/A 0.36 <0.29 0.76 <0.26 <0.29 NS/37
4

7.4 450 0.54-5.8

Chromium (total) 30 22 13 20 6.1 14 14 N/A 17 13 21 5.3 15 27 24,000 450 2 - 150

Lead 89 15 8.3 10 25 7.5 25 N/A 9.9 18 11 6.3 10 270 400 800 7.2 - 50

Selenium <0.61 <0.62 <0.57 <0.58 <0.54 <0.6 <0.55 N/A <0.62 <0.58 <0.58 <0.53 <0.59 NS/390
4

78 5,100 -----

Silver <0.31 <0.31 <0.29 <0.29 2.8 <0.3 <0.28 N/A <0.31 <0.29 <0.29 <0.26 <0.29 0.23 78 5,100 -----

EPA-7471A

Mercury 0.077 0.028 0.027 <0.023 <0.022 <0.023 0.067 N/A <0.025 <0.023 0.024 <0.022 <0.024 NS/23
4

4.6 310 0.02-0.16

<0.015 to <0.099 N/A N/A <0.015 to <0.098 N/A N/A <0.017 to <0.111 <0.015 to <0.096 N/A N/A N/A N/A N/A NS NS NS -----

Notes:
1.  Bold indicates compound exceeds the NC DENR Soil to Ground Water Maximum Soil Contaminant Concentration or the EPA Region 9 Residential PRG.

2.  Shading indicates the compound exceeds either the NC DENR SRG or EPA Region 9 Industrial/Commercial PRG.

3.  The more stringent NC DENR Maximum Soil Contaminant Concentration (NC DENR UST Section Guidelines, July 1, 2007 and non-UST Petroleum Guidelines, July 1, 2007a) are used as primary screening levels for chemical constituents as residential or other sensitive population use 

     is currently anticipated at the site.

4.  EPA Region 9 Residential Preliminary Remediation Goals (PRGs) (October 2004) are provided for comparison purposes when a NC Soil to Ground Water MSCC has not been specified.

5.  NC DENR Inactive Hazardous Sites Branch "Health-Based" Site Remediation Goals (August 2007) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

6.  US EPA Region 9 Industrial/Commercial Preliminary Remediation Goals (October 2004) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

7.  NC DENR Data Table, Background Metals in NC Soils and Ground Water, August 31, 2006

8.  ( c ) - Carcinogenic polynuclear aromatic hydrocarbons cPAHs include benzo(a) anthracene, benzo (b) fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene, chrysene, dibenzo (a,h) anthracene, and indeno (1,2,3-cd) pyrene.

9.  VOCs = Volatile Organic Compounds; SVOCs = Semi-volatile Organic Compounds; PAHs = Polynuclear Aromatic Hydrocarbons; N/A - Not Analyzed; NS - Not Specified; ND - Not Detected; E - Estimated concentration, calibration range exceeded

10.  Only those compounds detected in at least one sample are shown. 
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Boring Location

Sample ID SB-6 SB-6 SB-7 SB-7 SB-8 SB-8 SB-9 SB-9 SB-10 SB-10

Sample Depth (ft) 0-1 1-3 0-1 1-3 0-1 1-3 0-1 1-3 0-1 1-3

Lithology Silty Sand Sandy Clay Sandy Clay Sandy Clay Silty Sand Sandy Clay Sandy Clay Sandy Clay Silty Sand Sandy Clay

Date Collected 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/13/2007

Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Laboratory Parameters

EPA-8260B

Acetone <0.019 <0.018 0.017 <0.021 N/A <0.019 NA <0.019 NA <0.019 2.8 2,800 54,000 -----

Tetrachloroethene < 0.0095 <0.0089 <0.0082 <0.011 N/A <0.0097 NA <0.0096 NA <0.0095 0.0074 0.48 1.3 -----

EPA-8270C

Anthracene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1,000 4,400 100,000 -----

Benzo(a)anthracene ( c ) 
6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.34 0.022 2.1 -----

Benzo(a) pyrene ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.091 0.022 0.21 -----

Benzo(b)fluoranthene ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1.2 0.22 2.1 -----

Benzo(g,h,i)perylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 6,700 NS NS -----

Benzo(k)fluoranthene ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 12 2.2 21 -----

Chrysene ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 38 22 210 -----

Dibenzo(a,h)anthracene  ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0.17 0.022 0.21 -----

Fluoranthene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 280 460 22,000 -----

Indeno(1,2,3-cd)pyrene ( c ) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.3 0.22 2.1 -----

Phenanthrene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 60 NS NS -----

Pyrene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 290 460 29,000 -----

EPA-8270C (TICs)

Benzo(j) fluoranthene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Anthracene, 2-methyl N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Anthracene, 1-methyl N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

9,10-Anthracenedione N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Cyclic Octaatomic sulfur N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

SM-6010B

Arsenic 1.1 0.91 2.5 2.9 1.5 3.0 1.9 5.2 1.5 2.7 NS/0.39
4

4.4 1.6 1.6-180

Barium 23 14 39 18 29 16 38 19 25 29 848 NS 67,000 4.1-420

Cadmium <0.26 <0.3 0.36 0.72 <0.26 0.67 <0.33 1.2 <0.27 0.37 NS/37
4

7.4 450 0.54-5.8

Chromium (total) 5.5 17 20 29 6.7 21 13 32 6.3 18 27 24,000 450 2 - 150

Lead 8.4 7.8 9.3 15 17 9.7 7.1 10 18 7.8 270 400 800 7.2 - 50

Selenium <0.51 <0.59 <0.56 <0.64 <0.51 <0.6 <0.65 <0.61 <0.54 <0.63 NS/390
4

78 5,100 -----

Silver <0.26 <0.3 <0.28 <0.32 <0.26 <0.3 <0.33 <0.30 <0.27 <0.31 0.23 78 5,100 -----

EPA-7471A

Mercury 0.022 <0.023 0.031 <0.025 0.055 0.028 <0.026 0.029 0.18 <0.024 NS/23
4

4.6 310 0.02-0.16

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Notes:
1.  Bold indicates compound exceeds the NC DENR Soil to Ground Water Maximum Soil Contaminant Concentration or the EPA Region 9 Residential PRG.

2.  Shading indicates the compound exceeds either the NC DENR SRG or EPA Region 9 Industrial/Commercial PRG.

3.  The more stringent NC DENR Maximum Soil Contaminant Concentration (NC DENR UST Section Guidelines, July 1, 2007 and non-UST Petroleum Guidelines, July 1, 2007a) are used as primary screening levels for chemical constituents as residential or other sensitive population use 

     is currently anticipated at the site.

4.  EPA Region 9 Residential Preliminary Remediation Goals (PRGs) (October 2004) are provided for comparison purposes when a NC Soil to Ground Water MSCC has not been specified.

5.  NC DENR Inactive Hazardous Sites Branch "Health-Based" Site Remediation Goals (August 2007) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

6.  US EPA Region 9 Industrial/Commercial Preliminary Remediation Goals (October 2004) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

7.  NC DENR Data Table, Background Metals in NC Soils and Ground Water, August 31, 2006

8.  ( c ) - Carcinogenic polynuclear aromatic hydrocarbons cPAHs include benzo(a) anthracene, benzo (b) fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene, chrysene, dibenzo (a,h) anthracene, and indeno (1,2,3-cd) pyrene.

9.  VOCs = Volatile Organic Compounds; SVOCs = Semi-volatile Organic Compounds; PAHs = Polynuclear Aromatic Hydrocarbons; N/A - Not Analyzed; NS - Not Specified; ND - Not Detected; E - Estimated concentration, calibration range exceeded

10.  Only those compounds detected in at least one sample are shown. 

EPA-8141

Tentatively Identified Compounds (estimated concentration)

NCDENR 

SRG
5

Table 2

Summary of Soil Analytical Results

Brownfield Cleanup Grant - Remedial Design Investigation

Former Tobacco Warehouse

Industrial 

PRG
6

NC DENR 

Background 

NC Soils - 

Range
7

NC DENR 

Soil to GW 

MSCC
3

Rocky Mount, North Carolina

H&H Job No. CRM-002

Regulatory Screening Levels
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Boring Location

Sample ID SB-11 SB-11 SB-12 SB-12 SB-13 SB-13 SB-14 SB-14 SB-14 Duplicate 2 SB-15 SB-15 SB-16 SB-16

Sample Depth (ft) 0-1 1-3 0-1 1-3 0-1 1-3 0-1 1-3 1-3 0-1 1-3 0-1 1-3

Lithology Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Sandy Clay Clayey Sand Clayey Sand Clayey Sand Clayey Sand

Date Collected 4/13/2007 4/13/2007 4/13/2007 4/13/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007 4/12/2007

Units mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Laboratory Parameters

EPA-8260B

Acetone NA <0.02 NA <0.02 <0.02 <0.017 <0.018 <0.017 N/A <0.017 <0.019 <0.019 <0.018 2.8 2,800 54,000 -----

Tetrachloroethene NA <0.0098 NA <0.0099 <0.01 0.01 <0.0091 <0.0087 N/A <0.0083 <0.0097 <0.0096 <0.0092 0.0074 0.48 1.3 -----

EPA-8270C

Anthracene N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 <0.36 <0.39 0.72 N/A 1,000 4,400 100,000 -----

Benzo(a)anthracene ( c ) 
6 N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.8 <0.39 4.1 N/A 0.34 0.022 2.1 -----

Benzo(a) pyrene ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.86 <0.39 3.8 N/A 0.091 0.022 0.21 -----

Benzo(b)fluoranthene ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.88 <0.39 3.9 N/A 1.2 0.22 2.1 -----

Benzo(g,h,i)perylene N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.8 <0.39 2.0 N/A 6,700 NS NS -----

Benzo(k)fluoranthene ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.54 <0.39 2.9 N/A 12 2.2 21 -----

Chrysene ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 1.1 <0.39 4.3 N/A 38 22 210 -----

Dibenzo(a,h)anthracene  ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 <0.36 <0.39 1.0 N/A 0.17 0.022 0.21 -----

Fluoranthene N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 1.4 <0.39 6.3 N/A 280 460 22,000 -----

Indeno(1,2,3-cd)pyrene ( c ) N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 0.77 <0.39 2.2 N/A 3.3 0.22 2.1 -----

Phenanthrene N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 1.0 <0.39 3.5 N/A 60 NS NS -----

Pyrene N/A N/A <0.38 N/A N/A N/A <0.38 <0.39 <0.39 1.3 <0.39 6.2 N/A 290 460 29,000 -----

EPA-8270C (TICs)

Benzo(j) fluoranthene N/A N/A N/A N/A N/A N/A ND ND ND 0.65 ND N/A N/A NS NS NS -----

Anthracene, 2-methyl N/A N/A N/A N/A N/A N/A ND ND ND 0.34 ND N/A N/A NS NS NS -----

Anthracene, 1-methyl N/A N/A N/A N/A N/A N/A ND ND ND 0.35 ND N/A N/A NS NS NS -----

9,10-Anthracenedione N/A N/A N/A N/A N/A N/A ND ND ND 0.38 ND N/A N/A NS NS NS -----

Cyclic Octaatomic sulfur N/A N/A N/A N/A N/A N/A ND ND 2.3 E ND ND N/A N/A NS NS NS -----

SM-6010B

Arsenic 2.8 2.3 2.5 2.0 3.6 2.3 3.4 2.4 N/A 1.0 2.5 3.1 1.1 NS/0.39
4

4.4 1.6 1.6-180

Barium 63 25 44 20 25 21 37 23 N/A 20 35 33 14 848 NS 67,000 4.1-420

Cadmium 0.33 <0.31 <0.28 <0.30 <0.32 <0.29 0.33 <0.30 N/A <0.27 <0.29 0.4 <0.3 NS/37
4

7.4 450 0.54-5.8

Chromium (total) 16 16 15 12 18 15 20 14 N/A 5.1 18 23 8.1 27 24,000 450 2 - 150

Lead 7.5 7.1 8.5 7.3 9.1 7.4 11 10 N/A 4.7 9.3 12 5.9 270 400 800 7.2 - 50

Selenium <0.62 <0.63 <0.56 <0.60 <0.63 <0.58 <0.56 <0.59 N/A <0.55 <0.57 <0.62 <0.6 NS/390
4

78 5,100 -----

Silver <0.31 <0.31 <0.28 <0.30 <0.32 <0.29 <0.28 <0.3 N/A <0.27 <0.29 <0.31 <0.3 0.23 78 5,100 -----

EPA-7471A
Mercury <0.044 0.033 <0.023 <0.024 <0.025 <0.023 0.036 <0.024 N/A <0.022 <0.023 <0.025 <0.025 NS/23

2

4.6 310 0.02-0.16

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS -----

Notes:
1.  Bold indicates compound exceeds the NC DENR Soil to Ground Water Maximum Soil Contaminant Concentration or the EPA Region 9 Residential PRG.

2.  Shading indicates the compound exceeds either the NC DENR SRG or EPA Region 9 Industrial/Commercial PRG.

3.  The more stringent NC DENR Maximum Soil Contaminant Concentration (NC DENR UST Section Guidelines, July 1, 2007 and non-UST Petroleum Guidelines, July 1, 2007a) are used as primary screening levels for chemical constituents as residential or other sensitive population use 

     is currently anticipated at the site.

4.  EPA Region 9 Residential Preliminary Remediation Goals (PRGs) (October 2004) are provided for comparison purposes when a NC Soil to Ground Water MSCC has not been specified.

5.  NC DENR Inactive Hazardous Sites Branch "Health-Based" Site Remediation Goals (August 2007) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

6.  US EPA Region 9 Industrial/Commercial Preliminary Remediation Goals (October 2004) are provided for comparison purposes should non-residential uses be incorporated into the final redevelopment plans for the site.

7.  NC DENR Data Table, Background Metals in NC Soils and Ground Water, August 31, 2006

8.  ( c ) - Carcinogenic polynuclear aromatic hydrocarbons cPAHs include benzo(a) anthracene, benzo (b) fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene, chrysene, dibenzo (a,h) anthracene, and indeno (1,2,3-cd) pyrene.

9.  VOCs = Volatile Organic Compounds; SVOCs = Semi-volatile Organic Compounds; PAHs = Polynuclear Aromatic Hydrocarbons; N/A - Not Analyzed; NS - Not Specified; ND - Not Detected; E - Estimated concentration, calibration range exceeded

10.  Only those compounds detected in at least one sample are shown. 

Rocky Mount, North Carolina

H&H Job No. CRM-002

Regulatory Screening Levels
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Table 2

Summary of Soil Analytical Results
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TW-1 104.94 04/12/07 Sandy Clay to Clayey Sand 20 10 10 to 20 11.66 93.28

TW-2 102.54 04/12/07 Coarse Sand to Clay 16 10 4.5 to 14.5 6.04 96.5

TW-3 100.41 04/12/07 Fine Sand to Sandy Clay 16 10 6 to 16 7.42 92.99

3.  TOC Elevation is measured from the top of the northern edge of the PVC well casing.

Notes:

GW Elev. 

(ft. amsl)

TOC Elev. 

(ft. amsl)

Date 

Installed

2.  Locations and TOC elevations surveyed by Joyner Keeney & Associates, April 2007.

1.  DTW=Depth to Water; TOC = Top of Casing;  GW = Ground Water; ft amsl - feet above mean sea level

Screen 

Length 

(ft.)

Well ID

Approx. 

Screened 

Interval (ft.)

DTW from 

TOC (ft.)

Lithology

Total 

Depth 

(ft.)

04/17/07

Rocky Mount, North Carolina

H&H Job No. CRM-002

Table 3

 Summary of Monitoring Well Data

Brownfield Cleanup Grant - Remedial Design Investigation

Former Tobacco Warehouse
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Sample ID TW-1

Duplicate 

1 (TW-1) TW-2 TW-3

Duplicate 2 

(TW-3)

Trip 

Blank

Date Collected 4/17/2007 4/17/2007 4/17/2007 4/17/2007 4/17/2007 4/17/2007

Units ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L

VOCs

EPA-8260

cis-1,2-Dichloroethene <1 <1 <1 3.9 NA <1 70 70,000 70 -----

Tetrachloroethene (PCE) <1 <1 <1 18 NA <1 0.7 700 5 -----

Trichloroethene <2 <2 <2 12 NA <2 2.8 2,800 5 -----

SVOCs/PAHs EPA-8270 < 11 < 14 NA < 10 < 10 NA ----- ----- ----- -----

 EPA-7470A

Mercury <0.2 <0.2 0.25 <0.2 NA NA 1.05 NS 2 -----

EPA-6010 

Arsenic <10 13* 76* <10 NA NA 50 NS 10 < 10

Barium 190* 220* 910* 200* NA NA 2,000 2,000,000 2,000 10-180

Cadmium <1 <1 <1 <1 NA NA 1.75 NS 5 < 2

Chromium (total) 32* 53* 390* <5 NA NA 50 50,000 100 < 25

Lead 11* 19* 260* <5 NA NA 15 15,000 15(tap) < 10

Selenium <20 <20 <20 22 NA NA 50 NS 50 NS

Silver <5 <5 <5 <5 NA NA 17.5 18,000 NS NS

MADEP-EPH

C11-C22 Aromatics 140 E 170 E NA NA NA NA 210 NS NS -----

C19-C36 Aliphatics 33 E 39 E NA NA NA NA 42,000 NS NS -----

C9-C18 Aliphatics 26 E 31 E NA NA NA NA 4,200 NS NS -----

MADEP-VPH

C5-C8 Aliphatics <50 <50 NA NA NA NA 420 NS NS -----

C9-C10 Aromatics <50 <50 NA NA NA NA 210 NS NS -----

C9-C12 Aliphatics <50 <50 NA NA NA NA 4,200 NS NS -----

Notes:

4.  NC 2L Ground Water Quality Standards (February 1, 2006)

5.  MCL = EPA Maximum Contaminant Level in drinking water (2006)

6.  NC DENR Background Metals in NC Soil and Ground Water, August 31, 2006

7.  MADEP = Massachusetts Department of Environmental Protection; EPH -  Extractable Petroleum Hydrocarbons; VPH - Volatile Petroleum Hydrocarbons

9. Field parameters for the water samples were not collected during purging due to inoperable field meter; sampling was based on well volumes purged.

Brownfield Cleanup Grant - Remedial Design Investigation

Former Tobacco Warehouse

Rocky Mount, North Carolina
H&H Job No. CRM-002

NC 2L GW 

Std

Federal 

MCLsNC GCLs

     NA - Not Analyzed; NS - Not Specified; VOCs - Volatile Organic Compounds; SVOCs - Semi-Volatile Organic Compounds

1.  Bold indicates that concentration exceeds the NC 2L Ground Water Quality Standard

2.  Shading indicates that concentration exceeds the Federal MCL

3.  Asterisk indicates that concentration exceeds the reported background concentration for the compound in NC ground water (NC DENR August 2006)

Regulatory Screening Level

Table 4

Summary of Ground Water Analytical Results

8. E - Estimated Concentration where compounds detected below the method reporting limits of 170 ug/L (TW-1) and 200 ug/L (TW-1 Duplicate).

NC DENR 

Background 

Range NC 

Ground Water
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Boring Location

Sample ID

Toxicity 

Equivalence 

Factor 
4

SB-15

Toxicity 

Equivalent 

Soil 

Concentration 

(mg/kg) SB-16

Toxicity 

Equivalent 

Soil 

Concentration 

(mg/kg)

Sample Depth (ft) 0-1' 0-1'

Date Collected 4/12/2007 4/12/2007

Units mg/kg mg/kg mg/kg mg/kg mg/kg

EPA-8270C

Benzo(a)anthracene 0.1 0.8 0.08 4.1 0.410 0.022 0.62 2.1
Benzo(a) pyrene 1 0.86 0.86 3.8 3.8 0.022 0.062 0.21
Benzo(b)fluoranthene 0.1 0.88 0.088 3.9 0.39 0.22 0.62 2.1
Benzo(k)fluoranthene 0.01 0.54 0.0054 2.9 0.029 2.2 0.62 21
Chrysene 0.001 1.1 0.0011 4.3 0.004 22 62 210
Dibenzo(a,h)anthracene 1 <0.36 0.18 1.0 1.0 0.022 0.062 0.21
Indeno(1,2,3-cd)pyrene 0.1 0.77 0.077 2.2 0.22 0.22 0.62 2.1

Total: 1.2915 5.853
Notes:
1.  Bold font indicates concentration exceeds one or the EPA Region 9 Residential or Industrial PRGs.
2.  Shading indicates concentration exceeds NC DENR SRGs (August 2007).
3   PRG -  EPA Region IX Preliminary Remediation Goals - October 2004
4.  SRGs - NC DENR Inactive Hazardous Sites Branch Soil Remediation Goals - August 2007
5.  NC DENR Inactive Hazardous Sites Branch, Toxic Equivalent Factor Tables for Calculation of Soil Remediation Goals, August 2007

Former Tobacco Warehouse

Screening Levels

Rocky Mount, North Carolina

H&H Job No. CRM-002

Table 5

Calculation of Total Equivalent Soil Concentrations

Carcinogenic Polynuclear Aromatic Hydrocarbons (cPAHs)

Remedial Design Investigation

Residential 

PRG
2

Industrial 

PRG
2

NCDENR 

SRG
3
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Sample ID TW-3

Date Collected 4/17/2007

Units ug/L ug/L ug/L ug/L

VOCs 

cis-1,2-Dichloroethene 3.9 1,000 1,000 1,000

Tetrachloroethene (PCE) 18 540 54 5.4

Trichloroethene (TCE) 12 26 5.0 5.0

Notes:

1. Bold font denotes that the concentration exceeds one or more target ground water concentrations at the 

    stated vapor attenuation factor.

2.  Shading indicates the risk level for which the target ground water concentration is exceeded.

3. AF- attenuation factor of 2 x 10
-4

 based on an approximate 8 (2.5 m) feet depth between future 

    building foundation to the top of the ground water and sandy loam soils.

4. Source: Draft EPA OSWER Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from 

    Groundwater and Soils, November 2002.

Rocky Mount, North Carolina

Table 6

Comparison of Selected Ground Water Results with Vapor Intrusion Screening Levels

Brownfield Cleanup Grant - Remedial Design Investigation

Former Tobacco Warehouse

H&H Job No. CRM-002

1 x 10
-4

1 x 10
-5

1 x 10
-6

DRAFT Risk-Based Target Ground Water 

Concentrations AF = 2 x 10
-4
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Well Permits and Driller Well Construction Records 
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Boring Logs and Monitoring Well Construction Records



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
D
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Material

0.0 0-0.8'

0.5 0 0-0.8'

1.0

1.5

2.0 0 0.8-2.2'

2.5

3.0

3.5

4.0 0 2.2-4.5'

4.5

5.0

5.5

6.0 0 4.5-6.0'

6.5 0 6.0-8.3'

7.0

7.5

8.0

8.5

9.0 0 8.6-10.0'

9.5

10.0

10.5 0 10.0-12.2'

11.0

11.5

12.0

12.5 0 12.2-14.0'

13.0

13.5

14.0

14.5

15.0 0 15.6-16.0'

15.5

16.0

16.5

17.0

17.5 0 17.7-18.0'

18.0

18.5

19.0

19.5 0 19.4-20.0'

20.0

4/12/2007

4/12/2007

20.0'

104.94

K.Buchanan

Filter Sand 

9.0-20.0'

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Top of Casing Elevation (amsl)

16.0-18.0'

0.8-2.0'

Log of Soil Boring Well #

TW-1

Moist, Orange & Tan, Fine Sandy CLAY

Boring/Well 

Diagram
Soil/Material Description

Concrete          

0-8.0'

2.0-4.0'

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:  Set 2" Dia. Well with 10' Screen & 10' 

Riser. Soil samples obtained at 0-1', 1-3' and 6-8' for 

chemical analysis.

Bentonite 

8.0-9.0'

Moist, Tan, Fine to Medium Silty SAND

Moist, Orange, Fine Sandy CLAY

Dry (Mottled) Gray & Orange, (Stiff) CLAY

Moist, Gray, Fine Sandy CLAY

Approx. 

Groundwater 

Elevation

4.0-6.0'

6.0-8.0'

Moist, White & Orange, Med. - Coarse Clayey SAND

Moist, Orange, Fine Sandy CLAY

Damp to Moist Gray, Fine Sandy CLAY

8.0-10.0'

10.0-12.0'

12.0-14.0'

14.0-16.0'

18.0-20.0'

Damp, Dark Gray, Fine Clayey SAND

Damp, Gray, Fine Sandy CLAY



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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1.5 0 0-2.0'

2.0

2.5

3.0

3.5 0 2.0-4.2'

4.0

4.5

5.0

5.5 0 4.2-6.0'

6.0

6.5

7.0

7.5 0 6.0-8.0'

8.0 8.0-9.5'

8.5

9.0

9.5 0 9.5-10.0

10.0 10.0-11.5

10.5

11.0

11.5 0 11.5-11.7

12.0 11.7-11.9

12.5 11.9-12.0

13.0 0 12.0-14.0

13.5

14.0

14.5 14.0-15.6

15.0

15.5 0 15.6-16.0

16.0

16.5

17.0

17.5

18.0

18.5

19.0

19.5

20.0

20.5

4/12/2007

4/12/2007

14.5'

102.54

K.Buchanan

Approx. 

Groundwater 

Elevation

Filter Sand 

3.5-14.5'

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:  Set 2" Dia. Well with 10' Screen & 4.5' 

Riser. Soil samples obtained at 0-1' and 1-3 for 

chemical analysis.

Soil/Material Description

Log of Soil Boring Well #

TW-2

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Top of Casing Elevation (amsl)

Concrete      

0-2.5'

Bentonite   

2.5-3.5'

Damp, Gray, Coarse SAND

Moist Gray, CLAY

Moist, Gray, Medium Sandy CLAY

Damp, Orange, Coarse SAND

Moist, Orange & Tan, Fine Sandy CLAY

0.0-2.0'

2.0-4.0'

4.0-6.0'

6.0-8.0'

14.0-16.0'

Moist, Gray & Orange, Mottled Sandy CLAY

Damp to Wet Gray, Medium Silty SAND

8.0-10.0'

10.0-11.5'

11.5-14.0'



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0

0.5 0-1.5'

1.0

1.5 0 1.5-1.9'

2.0 0 1.9-2.3'

2.5

3.0

3.5 0 2.3-4.0'

4.0 4.0-4.6'

4.5

5.0

5.5 0 4.6-6.0'

6.0

6.5

7.0 6.0-7.2'

7.5 0 7.2-8.0'

8.0 8.0-8.5'

8.5 8.5-8.9'

9.0

9.5 8.9-9.9'

10.0

10.5

11.0 0 9.9-11.7'

11.5 11.7-12.0'

12.0

12.5

13.0 12.0-13.5'

13.5 0 13.5-14.0'

14.0 14.0-14.2'

14.5

15.0

15.5 0 14.2-16.0'

16.0

16.5

17.0

17.5

18.0

18.5

19.0

19.5

20.0

20.5

4/12/2007

4/12/2007

16.0'

100.41

K.Buchanan

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Logged By:

Completion Date:

Total Depth:

Top of Casing Elevation (amsl)

Boring Start Date:

11.7-14.0'

14.0-16.0'

0-1.5'

1.5-2.3'

2.3-4.0'

4.0-6.0'

Log of Soil Boring Well #

TW-3

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Moist, Dark Brown, Fine Silty SAND

Organic Debris (Wood)

Boring/Well 

Diagram
Soil/Material Description

Damp to Wet, Dark Brown, Fine Silty SAND

Dry, Orange, Fine Silty SAND

Moist, Orange & Tan, Medium Sandy CLAY with 

Quartz

Concrete      

0-4.0'

Bentonite   

4.0 - 5.0'

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:  Set 2" Dia. Well with 10' Screen & 6' 

Riser. Soil samples obtained at 0-1' and 1-3 for 

chemical analysis.

6.0-8.0'

8.0-11.7'

Damp, Orange & Gray, Fine Silty SAND

Damp, Orange & Gray, Fine Sandy CLAY

Approx. 

Groundwater 

Elevation

Wet, Gray & Black, Fine SAND

Wet, Orange, Fine Silty SAND

Moist, Tan & Brown, Fine Sandy CLAY

Moist, Orange & Gray, (Mottled) Fine Sandy CLAY

Damp, Orange, Medium Silty SAND

Filter Sand    

5.0-16.0'



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0 0-0.3' Concrete

0.5 0 0.3-0.8' 0-0.5'
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2.0 0 0.8-2.0'
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3.5 0 2.0-4.0'
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4.5
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5.5
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8.5

9.0

9.5
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18.0
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19.0

19.5

20.0

20.5

4/13/2007

4/13/2007

4.0'

N/A

K.Buchanan

Moist, Tan, Fine Silty SAND
0-0.8'

0.8-2.0'

2.0-4.0'

Moist, Dark Brown, Fine Silty SAND

Moist, Orange & Tan, Fine Sandy CLAY

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-4

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Bentonite   

0.5-4.0'



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0 0-0.4' Concrete

0.5 0 0.4-1.2' 0-0.5'

1.0

1.5 0 1.2-2.0'

2.0

2.5 0 2.0-4.0'
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5.0

5.5

6.0
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12.0
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13.0
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14.0

14.5

15.0

15.5
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16.5

17.0

17.5
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18.5
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19.5

20.0

20.5

4/13/2007

4/13/2007

4.0'

N/A

K.BuchananLogged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Log of Soil Boring Boring #

SB-5

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Dry, Tan, Fine Silty SAND

Moist (Mottled) Orange & Gray, Fine Sandy CLAY
Bentonite   

0.5-4.0'

0-1.2'

1.2-2.0'

2.0-4.0'

Moist, Dark Brown, Fine Silty SAND



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC

D
ep

th
 (

ft
.,

 b
g
s)

S
a
m

p
le

 D
ep

th
 

(f
t.

, 
b

g
s)

F
ID

 (
p

p
m

)

S
cr

ee
n

in
g
 

D
ep

th

Material

0.0 0-0.3' Concrete
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20.5

4/13/2007

4/13/2007

4.0'

N/A

K.Buchanan

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-6

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Bentonite   

0.5-4.0'

0-1.2'

1.2-2.0'

2.0-4.0'

Moist, Black & Tan, Fine Silty SAND

Moist, Tan, Fine Silty SAND

Moist, Gray & Orange, Fine Sandy CLAY



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0 0-0.3' Concrete

0.5 0.3-0.5' 0-0.5'
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19.5

20.0

20.5

4/13/2007

4/13/2007

4.0'

N/A

K.BuchananLogged By:

Completion Date:

Total Depth:

Abandonment Method:

Boring Start Date:

0-2.0'

2.0-4.0'

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Log of Soil Boring Boring #

SB-7

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Moist, Dark Brown, Fine Silty SAND

Bentonite   

0.5-4.0'

Concrete Debris

Moist, Orange & Gray, Fine Sandy CLAY



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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4/13/2007

4/13/2007

4.0'

N/A

K.Buchanan

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-8

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Moist, Tan, Fine Silty SAND

Moist, Gray & Orange, Fine Sandy CLAY
Bentonite   

0.5-4.0'

0-1.0'

1.0-2.0'

2.0-4.0'

Moist, Dark Brown, Fine Silty SAND



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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4/13/2007

4/13/2007

4.0'

N/A

K.BuchananLogged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Log of Soil Boring

0-2.0'

2.0-4.0'

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Boring #

SB-9

Boring/Well 

Diagram
Soil/Material Description

Moist, Tan & Brown, Fine Sandy CLAY

Moist, Dark Brown, Fine Silty SAND

Bentonite   

0.5-4.0'



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0 0-0.4' Concrete
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4.0'

N/A

K.Buchanan

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-10

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Bentonite   

0.5-4.0'

Brick & Concrete Debris

Moist, Gray & Orange, Fine Sandy CLAY

0-1.2'

1.2-2.0'

2.0-4.0'

Moist, Dark Brown, Fine Silty SAND

Moist, Tan & Brown, Fine Silty SAND



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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4/13/2007

4/13/2007

4.0'

N/A

K.Buchanan

Moist, Black, Fine Silty SAND

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Log of Soil Boring Boring #

SB-11

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Bentonite   

0.5-4.0'

Moist, Tan & Orange, Fine Sandy CLAY

0.7-2.0'

2.0-4.0'



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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0.0 0-0.5' 0 0-0.5' Concrete

0.5 0-0.5'

1.0

1.5 0 0.5-2.0'

2.0

2.5

3.0

3.5 0 2.0-4.0'
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15.0
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16.5

17.0

17.5

18.0

18.5

19.0

19.5

20.0

20.5

4/13/2007

4/13/2007

4.0'

N/A

K.Buchanan

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-12

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Moist, Black, Fine Silty SAND

Bentonite   

0.5-4.0'

0.5-2.0'

2.0-4.0'

Moist, Orange & Tan, Fine Sandy CLAY



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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K.BuchananLogged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

0-2.0'

2.0-4.0'

Log of Soil Boring Boring #

SB-13

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Bentonite   

0.5-4.0'

Moist, Tan & Brown, Fine Sandy CLAY

Moist, Dark Brown, Fine Silty SAND



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-14

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Bentonite   

0.5-4.0'

0-2.0'

2.0-4.0'

Moist, Dark Brown, Fine Silty SAND

Moist, Brown, Fine Sandy CLAY



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Log of Soil Boring Boring #

SB-15

Boring/Well 

Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

0-2.3'

2.3-4.0'

Bentonite

Dry, Tan, Fine Clayey SAND

Moist, Brown, Fine Clayey SAND

Moist, Dark Brown, Fine Silty SAND



Project Name: Former Tobacco Warehouse

Project Number: CRM-002

Project Location Rocky Mount, NC
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Diagram

Drilling Contractor:  Troxler Geologic, Raleigh, NC

Page 1 of 1

Drilling Equipment: GeoProbe Model 5400

Sample Method:  Direct Push Probe, Macrocore

Comments:   Soil samples obtained at 0-1' and 1-3 

for chemical analysis.

Soil/Material Description

Log of Soil Boring Boring #

SB-16

Logged By:

8601 Six Forks Road, Suite 400

Raleigh, NC 27615

(919) 847-4241

Boring Start Date:

Completion Date:

Total Depth:

Abandonment Method:

Moist, Dark Brown, Fine Silty SAND (w/Brick)

Bentonite   

0.5-6.0'

4.1-6.5'

6.5-8.0'

Moist, Gray & Brown, Fine Clayey SAND

Moist, Gray & Orange, Fine Sandy CLAY

Moist, Gray, Fine Sandy CLAY

Moist (Mottled) Gray & Orange, Fine Sandy CLAY

0-2.1'

2.1-4.0'
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Appendix D 

Summary of Data Review, Verification and Validation  

In accordance with the approved January 5, 2007 Site QAPP, the field and laboratory 

analytical data were subjected to review, verification, and validation to ensure that the 

quality and validity of the data were acceptable for the stated data quality objectives.   

Upon analytical data review, verification, and discussions with laboratory personnel, 

Hart & Hickman determines that these data are valid and useful for the purposes 

described in the QAPP.   

A review of the field data and analytical laboratory data is provided below.  

Deviations from the approved QAPP are noted below.

Field Data

The number of duplicate soil samples was increased from those proposed one sample 

to a total of three.  Justification for this change is outlined below: 

• It was proposed that only one duplicate sample be obtained as a part of the 

soil sampling at the site, however, based on 1) the volume of soils necessary 

to prepare a duplicate sample and 2) the various analyses for which samples 

were submitted, a total of three duplicate samples were prepared (“Duplicate”, 

“Duplicate 2” and “Duplicate 3”).  Sample “Duplicate” was retained from the 

1 ft – 3 ft bgs depth from TW-2.  Samples “Duplicate 2” and “Duplicate 3” 

were prepared in the laboratory due to insufficient volume of soil from the 

original duplicate sample to perform EPA Methods 8270 and 8141 analyses.  

Sample “Duplicate 2” was prepared from soil from SB-14 at the 1 ft – 3 ft bgs 

depth, while “Duplicate 3” was prepared from soil from the 0 – 1 ft bgs depth 

from TW-3.  These duplicate samples are therefore not blind duplicates as the 
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laboratory collected the samples from the containers to obtain  a sufficient 

sample volume for the analyses. 

Field Procedures

• The field procedures for sampling, decontamination, calibration, etc. were 

followed in accordance with the QAPP procedures with one exception: 

o  Due to an inoperable field meter, geochemical parameters for the water 

samples were not obtained during sampling. 

• The proper laboratory analyses were requested for each sample and the chain-

of-custody records were properly completed. 

Laboratory Procedures

The laboratory quality assurance/quality control procedures associated with the 

analysis of samples submitted as a part of this investigation were followed in 

accordance with the QAPP procedures.  The following notes were provided with 

the analytical results: 

• No target compounds were detected above reporting limits in the method 

blanks or trip blank that accompanied the ground water samples. 

• Anomalies pertaining to surrogate recoveries and matrix interferences were 

reported for soil samples for SVOC and metals analyses.  These anomalies 

pertained only to the Matrix Spike and Matrix Spike Duplicate samples. These 

issues are discussed in the data validation section of Appendix D. 

• Anomalies pertaining to matrix interferences were reported for groundwater 

samples for metals analyses.  These anomalies pertained only to the Matrix 

Spike sample. These issues are discussed in the data validation section of 

Appendix D. 

The soil and ground water samples were submitted for chemical analysis to Prism 

Laboratory in Charlotte, North Carolina.  Prism subcontracted the organophosphate 
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compounds analyses to Gulf Coast Analytical Laboratories of Baton Rouge, LA.  

Generally, the following conditions apply to these data: 

• The samples were received at the laboratory in good condition, within the 

proper temperature range, and with proper preservation technique. 

• Chain-of-custody protocol was properly maintained. 

• The requested laboratory analyses were performed by the laboratory on each 

sample.   

• No target compounds were detected above reporting limits in the method 

blanks or the trip blank that accompanied the ground water samples.. 

There are several laboratory data issues related to these sampling results.  These 

include reported anomalies in the quality control data, and the presence of acetone in 

certain samples. 

Data Anomalies

There are several data anomalies that are discussed below by analytical method. 

VOCs - Water Samples 

No anomalies were reported. 

SVOCs – Water Samples 

No anomalies were reported. 

Metals – Water Samples 

For the matrix spike (MS) and matrix spike duplicate (MSD) sample, several 

recovery percentages were below the laboratory control recovery ranges.  Matrix 

interference is suspected for the recovery ranges specified for barium, chromium and 

lead. 
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MADEP – VPH/EPH – Water Samples 

The result listed for the range of compounds noted as C11-C22 aromatics (EPH) and 

C5-C8 aliphatics and C9-C12 aliphatics are reported as adjusted values (exclude the 

presence of benzene, toluene, ethyl benzene and total xylenes) as required under NC 

regulation. 

VOCs – Soil Samples 

Although requested on the chain-of-custody form, VOA vials for Samples SB-7 (0-

1ft), SB-6 (0-1ft) and SB-5 (0-1ft) were not provided to the laboratory with the 

sample shipment.  Therefore, laboratory personnel sub-sampled the sample containers 

for these borings and depths to obtain the sample aliquots to run VOCs on these 

samples.  The sub-sampling and preservation of these sub-sample aliquots was 

conducted upon receipt in the laboratory.   

SVOCs – Soil Samples 

The RPD value for pentachlorophenol in the MSD sample was outside the laboratory 

control limits.  Surrogate recovery of phenol-d5 was higher than the control limits for 

sample SB15 0-1 ft bgs.  Matrix interference is expected to be the cause. 

Metals – Soil Samples 

Lead was reported in the method blank at a level greater than the reporting limit.  

However, lead concentrations in soil samples are greater than 20x the method blank 

with the exception of samples SB-9, 0-1 ft bgs at 18x and SB-5, 0-1 ft bgs at 19x. 

Matrix interference was suspected with relation to post-digestion spike recovery of 

selenium in the MS sample while recovery was within acceptable limits.  Matrix 

interference is suspected in the MS/MSD sample.  Post-digestion recovery of lead in 

the MS sample and its resulting relative percent difference (RPD) were outside 

control limits.  However, post-digestion recovery was within acceptable limits.   
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Matrix interference was suspected for recoveries of barium and chromium in the 

MSD sample.   

Organophosphate Compounds – Soil Samples 

The analytical report (revised October 4, 2007) for the organophosphate compounds 

indicated that OPCs were not detected in these samples.  The laboratory noted that  

MS/MSD recovery and RPD failures occurred in relation to the compounds Merphos 

& Ronnel.  However, these constituents were not detected in the associated samples 

and therefore no other action was warranted by the laboratory.  

Acetone Detections

Acetone is known to be generated when certain soils interact with sodium bisulfate, 

which is utilized for sample preservation with this analytical method (STL Savannah 

Laboratories, March 7, 2000.)  For this reason, the presence of acetone reported in 

some of the soil samples collected during this investigation is believed to be an 

artifact of sample preservation and constitutes false positive results in these samples. 
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Appendix E 

Metals Data Evaluation 

Former Tobacco Warehouse Property 

Rocky Mount, NC 

The initial conceptual remedial design for the site was based on concerns regarding 

elevated metals data, particularly arsenic concentrations obtained previously in site 

soil.  This design included the removal, transport and off-site disposal of up to two feet 

of soil from across the entire surface of the 2.7 acre subject site.  This initial evaluation 

did not take into account reported background metals concentration data in NC soils 

such as that reported in NC DENR (2006).  In order to evaluate the initial remedial 

design, H&H collected additional metals data and other data through the RD 

investigation. 

H&H evaluated the combined metal datasets for lead, mercury, arsenic, and total 

chromium collected during previous investigations and during the RD investigation.  

H&H applied a statistical analysis to the combined dataset using the methods and 

statistical tables provided in Methods for Evaluating the Attainment of Cleanup 

Standards, Volume 1: Soils and Solid Media, (US EPA Statistical Policy Branch) 

(April 1997).  The results of the statistical analysis are presented in Table E-1. 

The combined dataset resulted in a sample population of 59 data points per metal from 

the upper three feet of soil across the site.  Previous sample locations were selected 

randomly across the site.  Sample locations selected for the RD investigation were 

designed to complement the original data set by filling data gaps vertically and 

laterally, and evaluating areas that had not been sampled previously in the northern 

portion of the site.  The resulting sample population includes approximately 22 soil 

samples per acre.  
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Primarily the soil samples were collected from the upper three feet of the ground 

surface, although there were several samples that were collected from the piezometers 

(P-series) at depths of approximately four feet below ground surface (bgs), and in well 

TW-1 from a depth of six to eight feet.  Varying the statistical analysis dataset to take 

account for differences based on changes in stratigraphy at the site did not modify the 

conclusions of the analysis.  Therefore, we have presented the statistical analysis 

performed on the total dataset without distinguishing between different depth intervals. 

The results of the statistical analysis indicate that based on the entire dataset, the 

average, median and mode concentrations for lead, mercury, and total chromium at the 

site are below applicable regulatory screening criteria and are within their respective 

reported background concentration ranges for these metals in NC soil.   

Five concentrations exceed the reported background range of lead in NC soil; however, 

only one sample value (300 mg/kg) exceeds the NC MSCC for lead of 270 mg/kg, 

which is less than 2% of the entire sample population.  Seven concentrations exceed 

the reported background range of mercury in NC soil; however, none of these values 

exceeds the NC SRG or other regulatory screening criteria.  None of the total 

chromium values exceed the reported range in background concentrations, although 

three values exceed the stringent NC MSCC. 

The average, median, and mode values for the combined arsenic dataset exceed the 

stringent EPA Region 9 Residential and Industrial PRGs.  However, these values are 

below the NC SRG of 4.4 mg/kg and are within the reported background concentration 

for arsenic in NC soil.  One data point for arsenic at 5.2 mg/kg exceeds the NC SRG; 

however, this value is still within the range of reported background concentrations of 

arsenic in soil. 
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The standard deviation and upper one-sided 95% confidence limit (µU�) were also 

calculated for each of the four metals.  The results are also on Table E-1.  The 

calculated confidence limit, µU�, for each metal was compared to the regulatory 

screening criteria to evaluate whether the site meets stringent cleanup standards with 

respect to these metals.  The value of µU� is computed by the following equation: 

   µU� =  Sample Mean + t 1-�,df  x    Standard deviation (s)

         Square root of n 

 where t 1-�,df  was obtained from Table A.1 in EPA (April 1997), where �  = 0.05, df = 

58, and n = the number of samples in the dataset, which is 59.   

If the value of µU� is < the cleanup standard, than the area is considered to have met the 

cleanup standard.  If the value of µU� > the cleanup standard, than the contaminant 

concentrations in this area is considered to exceed the cleanup standard.  As presented 

on Table E-1, the value of µU� for each of the four metals meet either the NC MSCC 

standard or NC SRG cleanup standards.  The value of µU� for arsenic meets all 

standards except for the EPR Region 9 Residential PRG. 

Based on this analysis, metals impacts to soil are considered to be minimal and do not 

support the original remedial design that called for the excavation, transport and off-

site disposal of the upper two feet of soil from the entire 2.7 acre site with respect to 

metals.  Most of the area will be covered by impermeable surfaces such as building 

foundations and parking areas.  Residual metal constituents remaining after 

construction would not pose an exposure risk to site users. 



No. of Depth Total
Samples Boring ft bgs Lead Mercury Arsenic Chromium Lead Mercury Arsenic Chromium

1 TW-1 0-1 89 0.077 4.7 30 Res. PRGs 400 23 0.39 210
2 TW-1 1-3 15 0.028 3.4 22 Ind. PRGs 800 310 1.6 450
3 TW-1 6-8 8.3 0.027 0.65 13 NC SRGs 400 4.6 4.4 24,000
4 TW-2 0-1 10 0.0115 3.0 20 NC MSCC 270 NS NS 27
5 TW-2 1-3 25 0.011 2.6 6.1 NC Bkgrd 7.2-50 0.02-0.16 1.6-180 2-150
6 TW-3 0-1 25 0.067 2.8 14
7 TW-3 1-3 9.9 0.0125 3.5 17
8 SB-4 0-1 18 0.0115 2.2 13
9 SB-4 1-3 11 0.024 3.2 21 Exceeds Residential PRG/within Background 0.65
10 SB-5 0-1 6.3 0.011 1.0 5.3 Exceeds Industrial PRG/within Background 3.4
11 SB-5 1-3 10 0.012 1.2 15 Exceeds NC SRGs 5.2
12 SB-6 0-1 8.4 0.0115 1.1 5.5 Exceeds NC MSCCs 32
13 SB-6 1-3 7.8 0.011 0.91 17 Exceeds Reported Background Concentration 89
14 SB-7 0-1 9.3 0.031 2.5 20
15 SB-7 1-3 15 0.0125 2.9 29
16 SB-8 0-1 17 0.055 1.5 6.7
17 SB-8 1-3 9.7 0.028 3.0 21
18 SB-9 0-1 7.1 0.013 1.9 13
19 SB-9 1-3 10 0.029 5.2 32
20 SB-10 0-1 18 0.18 1.5 6.3
21 SB-10 1-3 7.8 0.012 2.7 18
22 SB-11 0-1 7.5 0.022 2.8 16
23 SB-11 1-3 7.1 0.033 2.3 16
24 SB-12 0-1 8.5 0.0115 2.5 15
25 SB-12 1-3 7.3 0.012 2.0 12
26 SB-13 0-1 9.1 0.0125 3.6 18
27 SB-13 1-3 7.4 0.0115 2.3 15
28 SB-14 0-1 11 0.036 3.4 20
29 SB-14 1-3 10 0.012 2.4 14
30 SB-15 0-1 4.7 0.011 1.0 5.1
31 SB-15 1-3 9.3 0.0115 2.5 18
32 SB-16 0-1 12 0.0125 3.1 23
33 SB-16 1-3 5.9 0.0125 1.1 8.1
34 HA-1R 1 150 0.38 1.7 8.6
35 HA-2R 1 14 0.011 2.2 7.9
36 HA3/3R 1 9.8 0.044 0.61 4.7
37 HA4/4R 1 150 0.35 3.7 15
38 HA5/5R 1 6.7 0.023 0.28 3.9
39 HA6/6R 1 14 0.018 1.0 10
40 HA7/7R 1 45 0.15 1.9 7
41 HA9/9R Unknown 8.1 0.031 0.67 13
42 HA10/10R 1 250 0.87 2.3 8.3
43 HA11R Fill 1 8.3 0.0115 1.7 12
44 HA11R Orig 1 6.7 0.0115 1.7 11
45 HA12R Fill 1 77 0.25 1.4 5.4
46 HA12R Orig 1 7.4 0.012 1.2 12
47 HA13R Fill 1 8.2 0.032 2.3 14
48 HA13R Orig 1 13 0.028 1.4 19
49 HA14/14R 1 37 0.066 2.4 9.5
50 HA15/15R 1 57 0.12 1.7 5.5
51 HA16/16R Fill 1 300 1.3 2.7 6
52 HA16/16R Orig 1 8.7 0.029 2.4 13
53 HA17R Fill 1 22 0.49 0.65 2.9
54 HA17R Orig 1 11 0.012 2.1 13
55 P-1 4 7.7 0.011 1.1 7.4
56 P-3 4 8.5 0.039 1.6 10
57 P-4 4 13 0.012 1.8 9.5
58 P-5 4 12 0.012 1.3 11
59 P-6 4 18 0.031 2.6 15

MIN= 4.7 0.011 0.28 2.9
MAX= 300 1.3 5.2 32
AVE= 28.8 0.1 2.1 13.2

SDEV= 55.1 0.2 1.0 6.5
MEDIAN= 10 0.022 2.2 13
MODE= 10 0.0115 2.3 13

Upper One-sided 95% CL= 219 0.05 0.5 12.7

Notes:
TW- and SB- series of samples obtained during the Remedial Design Investigation conducted by Hart & Hickman under EPA Cleanup Grant in 2007.
HA- and P- series of samples obtained during the Phase II Investigation conducted by Ed Aguirre & Associates in 2004.
PRGs - EPA Region 9 Residential and Industrial Preliminary Remediation Goals (2004)
NC SRGs - North Carolina Health-Based Site Remediation Goals (August 2006)
NC MSCC - NC Soil to Ground Water Maximum Soil Contaminant Concentration (July 2007)
NC Bkgrd - NC DENR Background Concentrations in NC Soil and Groundwater (August 2006)
In cases when the metal was not detected in the sample, a value of one-half the laboratory reporting limit was used for the statistical calculations.
Upper One-sided Confidence Limit (CL) < Cleanup Standard, area contaminant concentrations meet cleanup standard (EPA, 1997)
Upper One-sided Confidence Limit (CL) > Cleanup Standard, area contaminants exceed cleanup standard. (EPA, 1997).

Legend

Combined Selected Metals Dataset

Table E-1

Brownfield Cleanup Grant - Remedial Design Investigation

Regulatory Screening Levels

Statistical Evaluation of Metals Data

Former Tobacco Warehouse Property
H&H Job No. CRM-002

S:\AAA-Master Projects\City of Rocky Mount - CRM\CRM-002\Remedial Design Investigation\Report\Table E-1
November 8, 2007
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Appendix F 

Geophysical Anomalies 

Former Tobacco Warehouse Property 

Rocky Mount, NC 

The following describes the findings of exploratory excavation work conducted on 

May 8, 2007 to identify the source of several geophysical anomalies identified during a 

non-intrusive geophysical EM-61 survey conducted by GEL Geophysics, LLC of 

Research Triangle Park, NC.  Exploratory excavation was performed at each of the 

sites to determine whether there may have been USTs or other potential sources of 

contaminants that would need to be addressed during the remedial design for the site.  

No USTs were encountered at the site.  Instead the anomalies were caused by debris 

and abandoned piping as described below. 

Anomaly #1

Anomaly #1 was marked as an area approximately 4 ft by 4 ft located near the 

northwestern property corner along N.E. Main Street.  Soil removal in this area 

resulted in an excavation measuring approximately 9 ft by 15 ft by 5 ft deep.  The 

anomaly was caused by the presence of brick and terra cotta debris, which are assumed 

to be remnants of the tobacco warehouse structures previously demolished at the site. 

Anomalies #2 and #3

Anomalies #2 and #3 were marked as two adjacent rectangular areas, approximately 4 

ft by 16 ft and 4 ft by 8 ft, respectively, near the western property line along N.E. Main 

Street.  These anomalies were investigated jointly because of their proximity to one 

another.  Soil removal in these areas resulted in an excavation measuring 

approximately 8 ft by 30 ft by 5 ft deep.  The anomalies were caused by the presence of 

a 4-inch diameter iron pipe aligned from north to south and a 2-inch diameter steel pipe 

aligned from east to west.  Brick, terra cotta and other debris were also noted within 

both of these areas.   
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Anomaly #4 

Anomaly #4 was marked as an approximately 3 ft by 3 ft area located near the 

southwestern property corner along the southern site boundary near N.E. Main Street.  

Soil removal in this area resulted in an excavation measuring approximately 6 ft by 8 ft 

by 5 ft deep.  The anomaly was caused by the presence of a 1 ft by 1 ft metal sign, as 

well as brick and terra cotta debris, discarded wiring and metal conduit, which are 

assumed to be remnants of the tobacco warehouse structures previously demolished at 

the site.     

Anomaly #5

Anomaly #5 was a marked rectangular area of approximately 2 ft by 3 ft located 

approximately 60 ft east-northeast of the southwestern property corner along N.E. 

Main Street. Soil removal in this area resulted in an excavation measuring 

approximately 8 ft by 14 ft by 5 ft deep.  The anomaly was caused by the presence of a 

4-inch diameter cast iron pipe, aligned east to west.  Brick and terra cotta debris, and 

discarded cans and bottles were also observed in the excavation at this location.   

Anomalies #6 and #7

Anomalies #6 and #7 were marked as adjacent square areas of approximately 4 ft by 4 

ft located approximately 70 ft east of the southwestern property corner along N.E. 

Main Street.  Due to their proximity to one another, these anomalies were addressed as 

a single excavation. Soil removal in this area resulted in an excavation measuring 

approximately 10 ft by 12 ft by 5 ft deep. The anomalies were caused by the presence 

of discarded tin siding buried approximately 1 ft bgs.  A brick footer and wall was 

observed along the southern edge of the excavation, aligned east to west.  Brick and 

terra cotta debris, and discarded cans and bottles were also observed in the excavation 

at this location.   
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Anomaly #8

Anomaly #8 was marked as an approximately 2 ft by 2 ft area located near the 

approximate center of the property between N.E. Main St. and Albemarle Ave.  Soil 

removal in this area resulted in an excavation measuring approximately 6 ft by 8 ft by 5 

ft deep.  The cause of the anomaly was the presence of brick and terra cotta debris.   

Anomaly #9

Anomaly #9 was marked as an approximately 2 ft by 3 ft rectangular area located 

approximately 50 ft east of the western property boundary along Albemarle Ave., 

approximately 200 ft north of the southeastern property corner.  Soil removal in this 

area resulted in an excavation measuring approximately 4 ft by 8 ft by 5 ft deep.  The 

cause of the anomaly was the presence of a 2-inch diameter abandoned steel water line. 

Anomaly #10

Anomaly # 10 was marked as an approximately 4ft by 8 ft rectangular area 

approximately 80 ft southwest of the northeastern property corner and 30 ft west of 

Albemarle Ave.  Soil removal in this area resulted in an excavation measuring 

approximately 14 ft by 14 ft by 5 ft deep. The cause of the anomaly was the presence 

of a 10 ft by 10 ft concrete slab, buried approximately 1.5 ft bgs.  Brick debris was also 

noted in the excavation above the concrete pad. 
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Appendix B 
Vapor Intrusion Modeling 

 
 

To address potential vapor intrusion risks to future site users, the Johnson-Ettinger 

Model (JEM) was used to evaluate cleanup goals for ground water.  JEM is a widely 

used and accepted model for evaluating subsurface vapor intrusion into buildings.  

The GW-SCREEN-Feb04.xls model was used.   

 

The data input and results sheets for each of the VOCs (cis-1,2-DCE, PCE, and 

TCE) and target risk levels at 1 x 10-4, 1 x 10-5, and 1 x 10-6)  are provided in this 

appendix.  The data input sheets show the various inputs used in the model to 

determine the target ground water goals.  A summary of the site-specific inputs that 

were used is provided below.  All other inputs were model default values.   

 

Depth to ground water = 7.4 ft bgs = 226 cm 

Depth below grade to bottom of enclosed space floor = 15 cm (approximately 0.5 

feet) 

Soil type = Sandy clay from ground surface to water table 

Vadose zone soil dry bulk density = 1.63 grams per cubic centimeter (g/cm3) 

Vadose zone soil total porosity = 0.43 

Vadose zone soil water-filled porosity = 0.197 

Averaging time = 70 years (model default for residential use) 

Exposure duration = 30 years (model default for residential use) 

Exposure frequency = 350 days (model default for residential use) 



RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

3.53E+01 6.65E+03 3.53E+01 1.47E+06 3.53E+01 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

MESSAGE: Risk/HQ or risk-based groundwater concentration is based on a route-to-route extrapolation.
END
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RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

NA 6.71E+03 6.71E+03 3.50E+06 6.71E+03 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

MESSAGE: Risk/HQ or risk-based groundwater concentration is based on a route-to-route extrapolation.
END

1 of 1 ]



DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L)

156592 3.90E+00 cis-1,2-Dichloroethylene

ENTER ENTER ENTER ENTER
MORE Depth

� below grade Average ENTER
to bottom Depth soil/ Average vapor

of enclosed below grade SCS groundwater flow rate into bldg.
space floor, to water table, soil type temperature, (Leave blank to calculate)

LF LWT directly above TS Qsoil

(cm) (cm) water table (oC) (L/m)

15 226 SC 16.7 5

MORE
�

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER ENTER

SCS vandose zone Vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor SCS soil dry soil total soil water-filled

(used to estimate OR permeability, soil type bulk density, porosity, porosity,

soil vapor kv ρb
V nV θw

V

permeability) (cm2) (g/cm3) (unitless) (cm3/cm3)

SC SC 1.63 0.43 0.197

MORE
� ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATC ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-05 1 70 30 30 350

Used to calculate risk-based

Chemical

GW-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET
groundwater concentration.
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DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L)

156592 3.90E+00 cis-1,2-Dichloroethylene

ENTER ENTER ENTER ENTER
MORE Depth

� below grade Average ENTER
to bottom Depth soil/ Average vapor

of enclosed below grade SCS groundwater flow rate into bldg.
space floor, to water table, soil type temperature, (Leave blank to calculate)

LF LWT directly above TS Qsoil

(cm) (cm) water table (oC) (L/m)

15 226 SC 16.7 5

MORE
�

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER ENTER

SCS vandose zone Vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor SCS soil dry soil total soil water-filled

(used to estimate OR permeability, soil type bulk density, porosity, porosity,

soil vapor kv ρb
V nV θw

V

permeability) (cm2) (g/cm3) (unitless) (cm3/cm3)

SC SC 1.63 0.43 0.197

MORE
� ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATC ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 1 70 30 30 350

Used to calculate risk-based

Chemical

GW-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET
groundwater concentration.
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RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

5.62E+03 8.52E+04 5.62E+03 2.00E+05 5.62E+03 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

END

1 of 1 ]



RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

5.62E+02 8.52E+04 5.62E+02 2.00E+05 5.62E+02 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

END

1 of 1 ]



DATA ENTRY SHEET

CALCULATE RISK-BASED GROUNDWATER CONCENTRATION (enter "X" in "YES" box)

YES X

OR
CALCULATE INCREMENTAL RISKS FROM ACTUAL GROUNDWATER CONCENTRATION
(enter "X" in "YES" box and initial groundwater conc. below)

YES

ENTER ENTER
Initial

Chemical groundwater
CAS No. conc.,

(numbers only, CW

no dashes) (µg/L)

127184 1.80E+01 Tetrachloroethylene

ENTER ENTER ENTER ENTER
MORE Depth

� below grade Average ENTER
to bottom Depth soil/ Average vapor

of enclosed below grade SCS groundwater flow rate into bldg.
space floor, to water table, soil type temperature, (Leave blank to calculate)

LF LWT directly above TS Qsoil

(cm) (cm) water table (oC) (L/m)

15 226 SC 16.7 5

MORE
�

ENTER ENTER
Vadose zone User-defined ENTER ENTER ENTER ENTER

SCS vandose zone Vadose zone Vadose zone Vadose zone Vadose zone
soil type soil vapor SCS soil dry soil total soil water-filled

(used to estimate OR permeability, soil type bulk density, porosity, porosity,

soil vapor kv ρb
V nV θw

V

permeability) (cm2) (g/cm3) (unitless) (cm3/cm3)

SC SC 1.63 0.43 0.197

MORE
� ENTER ENTER ENTER ENTER ENTER ENTER

Target Target hazard Averaging Averaging
risk for quotient for time for time for Exposure Exposure

carcinogens, noncarcinogens, carcinogens, noncarcinogens, duration, frequency,
TR THQ ATC ATNC ED EF

(unitless) (unitless) (yrs) (yrs) (yrs) (days/yr)

1.0E-06 1 70 30 30 350

Used to calculate risk-based

Chemical

GW-SCREEN
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters
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DATA ENTRY SHEET
groundwater concentration.
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RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

3.53E+00 6.65E+03 3.53E+00 1.47E+06 3.53E+00 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

MESSAGE: Risk/HQ or risk-based groundwater concentration is based on a route-to-route extrapolation.
END

1 of 1 ]



RESULTS SHEET

RISK-BASED GROUNDWATER CONCENTRATION CALCULATIONS: INCREMENTAL RISK CALCULATIONS:

Incremental Hazard
Indoor Indoor Risk-based Pure Final risk from quotient

exposure exposure indoor component indoor vapor from vapor
groundwater groundwater exposure water exposure intrusion to intrusion to

conc., conc., groundwater solubility, groundwater indoor air, indoor air,
carcinogen noncarcinogen conc., S conc., carcinogen noncarcinogen

(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (unitless) (unitless)

3.53E+02 6.65E+03 3.53E+02 1.47E+06 3.53E+02 NA NA

MESSAGE SUMMARY BELOW:
MESSAGE: The values of Csource and Cbuilding on the INTERCALCS worksheet are based on unity and do not represent actual values.

MESSAGE: Risk/HQ or risk-based groundwater concentration is based on a route-to-route extrapolation.
END
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